Using Low-Temperature Thermochronology to Constrain the Role of the Totschunda Fault in Southeastern Alaskan Tectonics by Milde, Edward Richard
Syracuse University 
SURFACE 
Theses - ALL 
6-2014 
Using Low-Temperature Thermochronology to Constrain the Role 
of the Totschunda Fault in Southeastern Alaskan Tectonics 
Edward Richard Milde 
Syracuse University 
Follow this and additional works at: https://surface.syr.edu/thesis 
Recommended Citation 
Milde, Edward Richard, "Using Low-Temperature Thermochronology to Constrain the Role of the 
Totschunda Fault in Southeastern Alaskan Tectonics" (2014). Theses - ALL. 29. 
https://surface.syr.edu/thesis/29 
This is brought to you for free and open access by SURFACE. It has been accepted for inclusion in Theses - ALL by an 
authorized administrator of SURFACE. For more information, please contact surface@syr.edu. 
ABSTRACT	  
The	  Totschunda	  fault	  is	  a	  prominent	  northwest-­‐striking	  strike-­‐slip	  fault	  located	  in	  
southeastern	  Alaska.	  The	  Totschunda	  fault	  branches	  southeast	  off	  of	  the	  Denali	  fault	  
system	  and	  likely	  connects	  to	  the	  Fairweather	  fault	  to	  the	  south	  via	  the	  proposed	  
“Connector	  fault”.	  The	  significance	  of	  the	  Totschunda	  fault	  became	  apparent	  after	  the	  
2002	  M	  7.9	  Denali	  fault	  earthquake	  propagated	  227	  km	  east	  along	  the	  Denali	  fault	  and	  
onto	  the	  Totschunda	  fault.	  	  Deformation	  and	  movement	  along	  the	  Totschunda	  fault	  is	  
most	  likely	  a	  result	  of	  tectonic	  processes	  along	  the	  active	  southern	  margin	  of	  Alaska.	  	  	  
Apatite	  fission	  track	  thermochronology	  (AFT)	  was	  applied	  to	  rocks	  along	  and	  
across	  the	  Totschunda	  fault	  in	  order	  to	  better	  constrain	  its	  history	  and	  role	  in	  regional	  
tectonics	  of	  southern	  Alaska.	  Samples	  were	  collected	  west	  of	  the	  Cooper	  Pass	  region	  
near	  the	  Nabesna	  River	  in	  southeastern	  Alaska.	  There	  the	  Totschunda	  fault	  resembles	  a	  
right-­‐handed	  step-­‐over	  structure	  with	  two	  overlapping	  strands.	  Sampling	  strategy	  
included	  sampling	  either	  side	  of	  the	  western	  strand,	  a	  horizontal	  transect	  away	  from	  the	  
western	  strand,	  a	  vertical	  profile	  on	  this	  western	  side,	  and	  one	  detrital	  sample	  from	  
Notch	  Creek	  (a	  tributary	  of	  the	  nearby	  Chisana	  River).	  Most	  samples	  were	  collected	  
from	  the	  Cretaceous	  Nabesna	  and	  Devils	  Mountain	  plutons	  or	  nearby	  Permian	  and	  
Pennsylvanian	  igneous	  stocks.	  Extensive	  volcanism	  in	  the	  nearby	  Wrangell	  volcanic	  belt	  
eruptive	  centers	  date	  from	  ~26	  Ma	  to	  active.	  	  Whole	  rock	  40Ar/39Ar	  ages	  from	  Wrangell	  
volcanic	  belt	  hypabyssal	  rocks	  collected	  as	  part	  of	  this	  study	  yielded	  ages	  of	  ~23	  Ma.	  
AFT	  ages	  ranged	  between	  24	  and	  190	  Ma.	  	  The	  samples	  closest	  to	  the	  western	  
strand	  of	  the	  Totschunda	  fault	  yielded	  the	  youngest	  AFT	  ages.	  	  Ages	  grew	  older	  with	  
distance	  from	  the	  Totschunda	  fault	  and	  with	  elevation.	  	  Samples	  located	  within	  the	  
stepover	  feature	  were	  significantly	  older	  than	  any	  of	  the	  other	  samples	  in	  the	  study	  
area.	  	  HeFTy	  inverse	  thermal	  models	  combined	  with	  AFT	  results	  indicate	  episodic	  
cooling	  events	  since	  at	  least	  ~90	  Ma.	  	  These	  events	  are	  interpreted	  as	  due	  to	  
exhumation	  associated	  with	  local	  faulting.	  	  The	  near-­‐fault	  samples	  recorded	  episodes	  of	  
rapid	  cooling	  as	  recent	  as	  the	  Late	  Miocene.	  	  Other	  inverse	  models	  from	  this	  study	  
confirmed	  ~25	  Ma	  and	  ~80	  Ma	  events	  coinciding	  with	  the	  accretion	  of	  the	  Yakutat	  
microplate	  and	  the	  change	  in	  structural	  dynamics	  of	  southern	  Alaska	  respectively.	  	  
Another	  ca.	  ~55	  Ma	  event	  recorded	  in	  the	  data	  most	  likely	  correlates	  to	  changes	  in	  plate	  
boundary	  processes	  associated	  with	  the	  “Resurrection”,	  Kula	  and	  Farallon	  plates.	  	  	  
Accommodation	  of	  strain	  along	  the	  Totschunda	  fault	  can	  be	  related	  to	  plate	  
boundary	  processes	  along	  the	  southern	  margin	  of	  Alaska.	  	  It	  is	  significant	  that	  the	  initial	  
collision	  of	  the	  Yakutat	  microplate	  began	  in	  the	  Oligocene	  (ca.	  25	  Ma),	  and	  it	  is	  very	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   Southern	  Alaska	  comprises	  a	  number	  of	  tectonostratigraphic	  terranes	  that	  were	  
accreted	  in	  the	  Mesozoic	  and	  Cenozoic	  due	  to	  active	  plate	  boundary	  processes	  along	  the	  
southern	  margin	  of	  Alaska	  (Coney	  et	  al.,	  1980;	  Plafker	  et	  al.,	  1994;	  Plafker	  and	  Berg,	  1994;	  Jones	  
et	  al.,	  1977;	  Coney,	  1977;	  Howell	  et	  al.,	  1987).	  	  There,	  the	  Pacific	  plate	  has	  been	  interacting	  
extensively	  with	  the	  North	  American	  plate	  over	  millions	  of	  years	  (e.g.	  Savage	  and	  Lisowski,	  
1988;	  Eberhart-­‐Phillips	  et	  al.,	  2006).	  	  The	  tectonic	  history	  of	  the	  region	  has	  given	  rise	  to	  some	  of	  
the	  most	  dramatic	  topography	  in	  the	  United	  States,	  including	  the	  Alaska	  Range,	  the	  Wrangell-­‐
St.	  Elias	  volcanic	  field	  and	  the	  St.	  Elias	  mountain	  range.	  	  	  	  
Deformation	  in	  the	  Alaska	  Range	  has	  been	  linked	  to	  the	  collision	  of	  the	  Yakutat	  
microplate	  and	  the	  subsequent	  rotation	  of	  the	  Southern	  Alaska	  Block	  (e.g.	  Plafker	  et	  al.,	  1994).	  	  
The	  Yakutat	  microplate	  is	  a	  wedge	  shaped	  allochthonous	  terrane	  that	  is	  thought	  to	  have	  
originated	  off	  the	  coast	  of	  Alaska	  and	  British	  Columbia	  as	  oceanic	  plateau	  material	  (Figure	  1).	  
The	  Yakutat	  was	  subsequently	  transported	  north	  along	  the	  coast	  of	  Canada	  and	  Alaska	  along	  
various	  active	  strike-­‐slip	  fault	  systems	  (including	  the	  Fairweather	  and	  Queen	  Charlotte	  faults)	  
over	  the	  last	  30	  million	  years	  (e.g.	  Plafker	  et	  al.,	  1994;	  Plafker	  and	  Berg,	  1994).	  	  The	  Yakutat	  
microplate	  varies	  in	  total	  crustal	  thickness	  from	  roughly	  15	  km	  in	  the	  west	  to	  almost	  30	  km	  in	  
the	  more	  easterly	  sections	  (Worthington	  et	  al.,	  2012).	  	  	  	  It	  is	  also	  thought	  to	  be	  overlain	  with	  
~10	  km	  of	  glacially	  derived	  sediment	  eroded	  from	  the	  margin	  of	  Alaska	  (Worthington	  et	  al.,	  
2012;	  Ferris	  et	  al.,	  2003;	  Plafker	  and	  Berg,	  1994).	  	  	  
The	  Yakutat	  microplate	  likely	  began	  accreting	  with	  the	  southern	  Alaska	  subduction	  zone	  
at	  around	  25	  Ma,	  but	  it	  is	  still	  unclear	  as	  to	  when	  collision	  was	  initiated	  (e.g.	  Benowitz	  et	  al.,	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2013;	  Plafker	  et	  al.,	  1994).	  	  The	  Yakutat	  microplate	  is	  presently	  undergoing	  shallow	  
southeastward	  subduction	  at	  a	  rate	  of	  ~50.3	  mm/yr.	  The	  leading	  (thinner)	  edge	  of	  the	  Yakutat	  
slab	  is	  now	  located	  up	  to	  500	  km	  to	  the	  north	  under	  the	  Eastern	  Alaska	  Range	  (Figure	  1)	  
(Eberhert-­‐Phillips	  et	  al.,	  2003;	  Richter	  and	  Matson,	  2009;	  Elliot	  et	  al.,	  2010;	  Trop	  et	  al.,	  2013;	  
Elliot	  et	  al.,	  2013).	  The	  Yukon-­‐Tanana	  composite	  terrane	  acts	  as	  a	  possible	  backstop	  to	  the	  
Yakutat	  microplate	  and	  is	  delineated	  by	  the	  Hines	  Creek	  fault	  zone	  along	  with	  the	  Denali	  fault	  
system	  (Veenstra	  et	  al.,	  2006).	  	  Concurrently,	  the	  easterly	  (thicker)	  section	  of	  the	  Yakutat	  block	  
is	  colliding	  and	  resisting	  subduction	  beneath	  North	  America	  (e.g.	  Worthington	  et	  al.,	  2012).	  	  
The	  shallow	  subduction	  and	  resultant	  coupling	  leading	  to	  collision	  of	  the	  Yakutat	  block	  
results	  in	  35	  mm/yr	  of	  convergence	  across	  the	  entire	  eastern	  St.-­‐Elias	  block	  (Elliot	  et	  al.,	  2013).	  	  
The	  Yakutat	  block	  collision	  is	  also	  thought	  to	  be	  the	  driver	  of	  many	  other	  large-­‐scale	  
deformation	  processes	  in	  Alaska,	  including	  the	  formation	  of	  the	  Alaska	  Range	  (e.g.	  Plafker	  et	  al.,	  
1994;	  Haeussler,	  2009).	  	  Strain	  associated	  with	  the	  change	  in	  subduction	  of	  the	  Yakutat	  block	  is	  
partitioned	  inland	  onto	  large	  strike-­‐slip	  (transpressional)	  faults,	  such	  as	  the	  Denali	  fault	  (Figure	  
1).	  	  The	  Totschunda	  fault	  and	  the	  Fairweather	  fault	  transfer	  strain	  from	  the	  Queen	  Charlotte	  
Fault	  farther	  to	  the	  south	  as	  well	  (Trop	  et	  al.,	  2013).	  	  The	  objective	  of	  this	  study	  is	  to	  examine	  
the	  role	  of	  the	  Totschunda	  fault,	  an	  inboard	  strike-­‐slip	  fault	  system,	  in	  the	  overall	  tectonic	  
history	  of	  southern	  Alaska.	  	  Furthermore	  this	  study	  seeks	  to	  understand	  just	  how	  strain	  has	  
been	  accommodated	  along	  the	  Totschunda	  fault	  and	  how	  it	  connects	  to	  the	  more	  southern	  
Fairweather	  fault	  system	  via	  the	  proposed	  “Connector”	  fault	  in	  the	  region.	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Tectonic	  and	  Geologic	  Setting	  of	  the	  Totschunda	  fault	  
The	  Totschunda	  fault	  (Figure	  1)	  is	  thought	  to	  be	  a	  relatively	  young,	  right-­‐lateral	  strike-­‐
slip	  fault	  system.	  	  It	  is	  important	  to	  the	  study	  of	  Alaskan	  tectonics	  because	  there	  is	  little	  known	  
about	  the	  timing	  of	  movement	  and	  when	  slip	  initiated	  or	  re-­‐activated	  along	  the	  fault	  (e.g.	  
Haeussler	  et	  al.,	  2008).	  	  The	  Totschunda	  fault	  is	  linked	  with	  the	  Fairweather	  fault	  and	  (as	  has	  
been	  mentioned	  previously)	  branches	  southeast	  off	  of	  the	  Denali	  fault	  system	  (Haeussler	  et	  al.,	  
2009).	  	  Regional	  geologic	  models	  show	  that	  the	  Central	  Wrangell	  volcanic	  belt	  initiated	  ~26	  Ma	  
and	  suggest	  that	  the	  Totschunda	  fault	  developed	  at	  the	  same	  time,	  as	  opposed	  to	  more	  
recently	  (Trop	  et	  al.,	  2013).	  	  
The	  Denali	  fault	  system,	  one	  of	  the	  more	  prominent	  structural	  features	  in	  southeastern	  
Alaska,	  has	  distinct	  sections	  of	  varying	  slip	  rates	  (Figure	  9).	  	  The	  eastern	  section	  is	  the	  fastest,	  
and	  slip	  rate	  decreases	  to	  the	  west.	  	  This	  is	  most	  likely	  due	  to	  both	  the	  shape	  of	  the	  fault,	  which	  
partitions	  sections	  into	  thrust	  and	  slip	  components,	  and	  the	  accommodation	  of	  other	  thrust	  
faults	  (Redfield	  and	  Fitzgerald,	  1993;	  Fitzgerald	  et	  al.,	  1995;	  Matmon	  et	  al.,	  2006).	  	  In	  the	  
central	  section	  of	  the	  Denali	  fault	  convergence	  is	  oblique	  and	  this	  is	  where	  a	  large	  amount	  of	  
transpression	  is	  believed	  to	  occur	  and	  the	  highest	  topography	  can	  be	  found	  (Redfield	  and	  
Fitzgerald,	  1993;	  Fitzgerald	  et	  al.,	  1995).	  	  GPS	  constraints	  indicate	  slip	  on	  the	  eastern	  Denali	  
fault	  (in	  southeast	  Alaska)	  at	  ~1-­‐	  5	  mm/yr	  (Figure	  9)	  (Lahr	  and	  Plafker,	  1980;	  Fletcher	  and	  
Freymueller,	  2003;	  Mazzotti	  et	  al.,	  2012;	  Lisowski	  et	  al.,	  1987).	  	  	  
Schwartz	  et	  al.	  (2012)	  concluded	  that	  the	  Denali-­‐Totschunda	  fault	  intersection	  (Figure	  2)	  
is	  structurally	  simple.	  	  They	  state	  the	  two	  faults	  are	  directly	  connected,	  and	  that	  the	  M	  7.9	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earthquake	  of	  2002	  initiated	  and	  traveled	  east	  on	  the	  Denali	  fault	  before	  propagating	  onto	  the	  
Totschunda	  fault	  ~230	  km	  east	  of	  the	  epicenter	  (Figure	  3)	  (Schwartz	  et	  al.,	  2012).	  	  In	  the	  
transfer	  zone	  between	  the	  Denali	  and	  Totschunda	  faults	  measured	  vertical	  slip	  is	  significantly	  
greater	  than	  horizontal	  slip,	  which	  was	  different	  from	  the	  rest	  of	  the	  Totschunda	  where	  the	  
horizontal	  slip	  is	  greater	  (Haeussler	  et	  al.,	  2004).	  	  
The	  propagation	  during	  the	  2002	  earthquake	  (Figure	  3)	  most	  likely	  occurred	  due	  to	  
increased	  strain	  accumulation	  on	  the	  Totschunda	  fault	  in	  comparison	  to	  the	  Denali	  fault	  east	  of	  
the	  intersection.	  	  	  Prior	  to	  the	  2002	  event	  the	  Totschunda	  fault	  had	  not	  had	  a	  major	  rupture	  in	  
as	  much	  as	  735	  years,	  in	  comparison	  to	  the	  Denali,	  which	  had	  ruptured	  sometime	  in	  the	  
previous	  102	  to	  346	  years	  	  (Schwartz	  et	  al.,	  2012).	  	  
It	  is	  probable	  that	  the	  Totschunda	  fault	  is	  joined	  to	  the	  Fairweather	  fault	  (in	  the	  South)	  
by	  an	  unknown	  and	  little-­‐studied	  “Connector”	  fault	  striking	  to	  the	  southeast	  (Figure	  1).	  	  It	  is	  
hypothesized	  that	  this	  fault	  allows	  the	  transfer	  of	  strain	  from	  the	  Fairweather	  to	  the	  
Totschunda	  (Richter	  and	  Matson,	  1971;	  Trop	  et	  al.,	  2013).	  	  Along	  the	  Totschunda	  and	  
Fairweather	  faults,	  GPS	  data	  indicate	  present	  day	  slip	  rates	  to	  be	  	  ~6-­‐12	  mm/yr	  and	  ~49	  mm/yr	  
respectively	  (Figure	  9)	  (Seitz	  et	  al.,	  2008;	  Mazzotti	  et	  al.,	  2012).	  	  The	  reduced	  rates	  along	  the	  
eastern	  Denali	  (~1-­‐	  5	  mm/yr)	  coupled	  with	  the	  relatively	  fast	  rates	  along	  the	  Totschunda	  and	  
Fairweather	  faults	  indicate	  that	  significant	  slip	  has	  likely	  been	  accommodated	  by	  the	  
Fairweather-­‐“Connector”-­‐Totschunda	  system.	  	  The	  Pamplona	  thrust	  zone	  also	  accommodates	  a	  
small	  percentage	  of	  relative	  motion	  between	  the	  Yakutat	  microplate	  and	  Southern	  Alaska	  
(Figure	  1;	  Worthington	  et	  al.,	  2010).	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The	  study	  area	  along	  the	  Totschunda	  fault	  west	  of	  the	  Cooper	  Pass	  region	  bears	  the	  
characteristics	  of	  a	  right-­‐handed	  stepover.	  	  Fault	  stepovers	  have	  the	  capability	  to	  evolve	  into	  
continuous	  fault	  bends	  (restraining	  or	  releasing).	  	  Here,	  the	  stepover	  feature	  is	  located	  between	  
the	  two	  strands	  of	  the	  fault	  (Figure	  4;	  Figure	  7).	  	  It	  is	  possible	  that	  this	  stepover	  feature	  bears	  
resemblance	  to	  an	  early	  restraining	  bend	  (Mann,	  2011;	  Cunningham	  and	  Mann,	  2007).	  
Exhumation	  along	  major	  strike-­‐slip	  fault	  systems	  is	  often	  highly	  localized	  (e.g.,	  Molnar	  
and	  Dayem,	  2010)	  and	  this	  study	  will	  focus	  on	  such	  processes	  along	  the	  Totschunda	  fault.	  	  	  
Little	  is	  know	  about	  the	  Totschunda	  fault	  or	  how	  it	  fits	  into	  southern	  Alaskan	  tectonics,	  and	  this	  
study	  will	  attempt	  to	  add	  insight	  into	  the	  tectonic	  and	  time-­‐temperature	  history	  associated	  
with	  it.	  	  
OBJECTIVES	  AND	  TESTABLE	  HYPOTHESIS	  
	   The	  objective	  of	  this	  study	  is	  to	  determine	  the	  low-­‐temperature	  history	  of	  rocks	  across	  
and	  along	  the	  Totschunda	  fault	  (west	  of	  the	  Cooper	  Pass	  Region).	  	  The	  results	  will	  further	  
constrain	  the	  history	  of	  this	  fault	  and	  its	  role	  in	  the	  tectonics	  of	  southern	  Alaska.	  	  	  
	  
Hypothesis	  and	  Important	  Questions	  
	   This	  study	  is	  motivated	  by	  several	  questions:	  	  What	  is	  the	  time-­‐temperature	  history	  of	  
the	  rocks	  adjacent	  to	  the	  Totschunda	  Fault	  in	  the	  eastern	  Wrangell-­‐	  St.	  Elias	  National	  Park	  in	  
southeast	  Alaska?	  	  What	  is	  the	  overall	  nature	  of	  the	  tectonic	  history	  of	  the	  region?	  	  What	  are	  
the	  nature	  and	  kinematics	  of	  the	  fault	  itself?	  	  Furthermore,	  this	  study	  investigates	  the	  
relationship	  that	  the	  Totschunda	  fault	  has	  with	  surrounding	  features	  (such	  as	  the	  Fairweather	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and	  Denali	  fault	  systems)	  and	  the	  relationship	  of	  the	  “Connector”	  fault	  with	  the	  faults	  in	  the	  
region.	  	  	  
My	  hypothesis	  is	  that	  motion	  on	  the	  Totschunda	  fault	  began	  when	  slip	  on	  the	  Denali	  
fault	  slowed	  dramatically.	  	  In	  other	  words,	  the	  slip	  previously	  accommodated	  on	  the	  Denali	  
fault	  due	  to	  plate	  boundary	  processes	  on	  the	  southern	  Alaskan	  boundary	  was	  transferred	  to	  the	  
Totschunda	  fault.	  	  This	  occurred	  when	  plate	  boundary	  processes	  changed	  due	  to	  a	  shift	  in	  
Pacific	  Plate	  motion	  and	  the	  associated	  change	  in	  microplate	  dynamics	  (i.e.	  the	  Yakutat	  
Microplate).	  	  Slip	  that	  was	  accommodated	  by	  the	  Totschunda	  fault	  was	  likely	  transferred	  from	  
the	  Fairweather	  fault	  via	  the	  poorly	  understood	  “Connector”	  fault	  (Figure	  1).	  	  This	  can	  be	  
justified	  by	  a	  number	  of	  observations.	  The	  Denali	  fault	  was	  more	  active	  in	  the	  past	  as	  is	  
demonstrated	  by	  the	  higher	  slip	  rates	  and	  more	  active	  portions	  in	  the	  section	  of	  the	  fault	  that	  
lies	  along	  eastern	  Alaska	  Range	  to	  the	  northwest	  of	  the	  Totschunda	  fault	  (~10	  mm/yr)	  (e.g.	  
Haeussler,	  2008).	  	  Transpression	  due	  to	  the	  prior	  accommodation	  of	  strain	  along	  the	  Denali	  
fault	  (in	  the	  section	  of	  the	  Denali	  fault	  that	  is	  east	  of	  the	  Totschunda	  fault)	  likely	  accounts	  for	  
the	  high	  relief	  in	  the	  area	  (e.g	  Haeussler,	  2008).	  	  
I	  hypothesize	  that	  change	  in	  strain	  accommodation	  from	  dominantly	  Denali	  fault	  to	  
dominantly	  Totschunda	  fault	  was	  related	  to	  the	  subducting/	  colliding	  Yakutat	  microplate	  
interacting	  with	  the	  overlying	  North	  American	  plate.	  	  Possible	  influences	  include:	  (i)	  Yakutat	  
microplate	  collision,	  (ii)	  a	  change	  in	  coupling	  of	  the	  Yakutat	  microplate	  associated	  with	  a	  change	  
in	  plate	  motion	  or	  (iii)	  the	  change	  in	  subduction	  coupling	  (flat-­‐slab)	  due	  to	  the	  heterogeneous	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nature	  of	  the	  Yakutat	  microplate	  (explained	  above).	  	  Changes	  in	  slip	  along	  the	  Denali,	  
Fairweather	  and	  Totschunda	  systems	  were	  likely	  caused	  by	  a	  combination	  of	  these	  processes.	  
The	  low-­‐temperature	  thermochronologic	  data	  and	  thermal	  models	  were	  evaluated	  in	  
the	  context	  of	  this	  hypothesis.	  	  However,	  the	  sampling	  strategy	  should	  also	  constrain	  older,	  
more	  regional	  cooling	  and	  tectonic	  events	  in	  rocks	  less	  proximal	  to	  the	  Totschunda	  fault.	  	  	  
	  
SAMPLING	  STRATEGY	  
Fieldwork	  and	  sample	  collection	  for	  the	  study	  was	  conducted	  during	  June	  2012.	  	  It	  was	  
part	  of	  a	  collaborative	  effort	  between	  the	  University	  of	  Alaska	  Fairbanks,	  Syracuse	  University	  
and	  the	  University	  of	  California	  Davis.	  	  Sampling	  strategy	  focused	  on	  the	  Totschunda	  fault	  
system	  west	  of	  Cooper	  Pass	  and	  targeted	  granitic	  rocks	  within	  the	  Devils	  Mountain	  and	  
Nabesna	  plutons	  (Figures	  5	  and	  6).	  	  The	  goal	  was	  to	  collect	  samples	  that	  would	  yield	  a	  
(regionally	  or	  locally)	  representative	  thermal	  history	  for	  the	  study	  area.	  	  We	  collected	  bedrock	  
samples	  from	  a	  vertical	  profile,	  a	  fault	  perpendicular	  transect	  and	  along-­‐strike	  of	  the	  fault	  itself.	  	  
We	  also	  collected	  4	  bedrock	  samples	  to	  the	  north	  and	  south	  of	  the	  main	  study	  area	  and	  a	  
detrital	  sample	  (Figures	  4	  and	  7)	  from	  Notch	  Creek.	  
A	  four-­‐sample	  ‘vertical	  profile’	  was	  collected	  between	  1700	  and	  2300	  m,	  with	  samples	  
at	  ~150	  m	  vertical	  intervals.	  This	  did	  not	  constitute	  an	  ‘ideal’	  vertical	  profile,	  but	  it	  was	  intended	  
to	  give	  further	  insight	  into	  cooling	  histories	  in	  the	  region.	  
The	  horizontal	  transect	  was	  taken	  along	  a	  tributary	  of	  the	  Chisana	  River	  (Notch	  Creek)	  
running	  roughly	  orthogonal	  to	  and	  intersecting	  the	  Totschunda	  Fault.	  	  The	  horizontal	  transect	  
	  8	  
was	  intended	  to	  add	  insight	  into	  the	  regional	  evolution	  along	  the	  fault	  and	  also	  serve	  as	  sample	  
reconnaissance	  away	  from	  the	  fault	  across	  other	  possibly	  related	  structures.	  
Several	  samples	  were	  also	  collected	  along	  the	  western	  strand	  of	  the	  fault	  and	  on	  either	  
side	  to	  understand	  the	  variation	  of	  near-­‐fault	  ages.	  	  This	  was	  undertaken	  to	  understand	  if	  there	  
are	  distinct	  thermal	  histories	  across	  the	  fault,	  useful	  in	  constraining	  differential	  rock	  uplift,	  as	  
well	  as	  along	  strike.	  	  
Finally,	  a	  single	  detrital	  sample	  (16TOT)	  was	  collected	  through	  panning	  of	  river	  
sediments	  from	  Notch	  Creek,	  a	  tributary	  of	  the	  Chisana	  River	  ~100	  m	  upstream	  of	  the	  
Totschunda	  fault	  (Figure	  31).	  	  This	  tributary	  drains	  a	  small	  portion	  of	  the	  nearby	  Wrangell	  
Mountains.	  	  The	  sample	  was	  collected	  to	  capture	  a	  broader	  history	  of	  that	  catchment	  and	  add	  
insight	  into	  the	  processes	  that	  occurred	  further	  from	  the	  Totschunda	  fault	  at	  higher	  elevations	  
in	  the	  Wrangell	  Mountains,	  as	  well	  as	  to	  compare	  the	  different	  information	  available	  with	  in-­‐
situ	  vs	  detrital	  samples.	  
METHODS	  
Low	  temperature	  thermochronology	  is	  often	  used	  to	  constrain	  the	  history	  of	  orogenic	  
belts	  (e.g.	  Gallagher	  et	  al.,	  1998;	  Fitzgerald	  et	  al,	  1999).	  	  It	  can	  also	  be	  used	  to	  study	  extension	  
and	  thrusting	  along	  strike-­‐slip	  faults	  (Gallagher	  et	  al.,	  1998).	  	  This	  study	  examined	  the	  tectonic	  
history	  associated	  with	  slip	  and	  exhumation	  along	  the	  Totschunda	  Fault	  in	  southeast	  Alaska	  
using	  apatite	  fission	  track	  (AFT)	  (e.g.	  Ehlers	  and	  Farley,	  2003;	  Fitzgerald	  et	  al.,	  2006;	  Taylor	  and	  
Fitzgerald,	  2010).	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More	  specifically,	  apatite	  fission	  track	  (AFT)	  thermochronology	  has	  been	  used	  
extensively	  for	  studying	  near-­‐surface	  (the	  upper	  4-­‐5	  km	  of	  Earth’s	  crust)	  processes	  and	  tectonic	  
evolution	  (e.g.,	  Gleadow	  and	  Fitzgerald,	  1987).	  	  The	  AFT	  system	  has	  a	  closure	  temperature	  of	  
110	  oC	  for	  standard	  Durango	  apatite	  compositions	  and	  cooling	  rates	  of	  ~	  10	  oC	  /my	  (e.g.,	  
Gleadow,	  1981).	  	  The	  partial	  annealing	  zone	  (PAZ)	  is	  the	  zone	  where	  apatite	  fission	  tracks	  are	  
partially	  annealed	  between	  110-­‐60	  oC	  at	  geologic	  cooling	  rates	  (e.g.,	  Fitzgerald	  and	  Gleadow,	  
1990;	  Gleadow,	  1981),	  although	  the	  closure	  temperature	  and	  the	  temperature	  range	  of	  the	  PAZ	  
depends	  to	  some	  extent	  on	  the	  composition	  of	  the	  apatite.	  	  Above	  ~110	  oC,	  the	  fission	  tracks	  in	  
the	  apatite	  are	  effectively	  annealed	  and	  hence	  have	  a	  zero	  age.	  	  Below	  60	  oC	  tracks	  are	  retained	  
and	  unannealed,	  with	  their	  accumulation	  recording	  the	  time	  when	  the	  rock	  passed	  through	  the	  
temperature	  isotherm	  	  (e.g.,	  Fitzgerald	  et	  al.,	  2006;	  Gleadow,	  1981).	  The	  measurement	  of	  track	  
lengths	  provides	  information	  regarding	  the	  amount	  of	  time	  a	  sample	  spent	  in	  the	  PAZ.	  The	  
combination	  of	  age	  and	  track	  length	  determinations	  makes	  AFT	  a	  powerful	  tool	  for	  the	  
determination	  of	  rates	  of	  cooling	  caused	  by	  exhumation	  at	  the	  surface	  and	  the	  vertical	  
movement	  of	  the	  rock	  column.	  	  	  
	  
Sample	  preparation	  and	  measurement	  
	   The	  samples	  that	  we	  collected	  along	  the	  Totschunda	  fault	  in	  the	  eastern	  section	  of	  the	  
Wrangell-­‐St.	  Elias	  National	  Park	  were	  shipped	  to	  Syracuse	  University	  for	  processing.	  	  The	  
samples	  were	  crushed	  in	  a	  jaw	  crusher,	  milled	  in	  a	  Bico	  mill,	  sieved	  to	  295	  µm	  and	  then	  washed	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extensively.	  	  Then	  they	  were	  processed	  using	  standard	  heavy	  liquid	  and	  magnetic	  separation	  
techniques	  in	  order	  to	  separate	  the	  apatite	  crystals	  from	  the	  rest	  of	  the	  sample.	  	  	  
	   Following	  mineral	  separation	  1-­‐2	  grain	  mounts	  for	  each	  sample	  were	  made.	  	  In	  order	  to	  
do	  this,	  	  ~300-­‐	  500	  apatite	  grains	  were	  placed	  in	  petrapoxy	  on	  glass	  slides.	  	  The	  mounts	  were	  
ground	  down	  using	  400	  and	  600	  grit	  paper	  to	  expose	  an	  internal	  surface	  of	  the	  individual	  
apatite	  grains.	  	  The	  sample	  mounts	  were	  then	  polished	  using	  6	  µm	  and	  1	  µm	  liquid	  diamond	  
solution	  and	  etched	  with	  nitric	  acid	  (5M	  HNO3)	  for	  20	  seconds	  at	  room	  temperature	  and	  then	  
cut	  down	  (1	  x	  1.5	  cm).	  	  A	  low-­‐uranium	  muscovite	  mica	  external	  detector	  (.8	  x	  1.3	  cm)	  was	  
placed	  on	  CN5	  standard	  glasses	  (Known	  [U]	  12.5	  ppm)	  and	  each	  grain	  mount	  as	  they	  were	  
packed	  before	  being	  sent	  to	  Oregon	  State	  University	  nuclear	  reactor	  where	  the	  samples	  were	  
irradiated.	  	  After	  being	  irradiated,	  the	  mica	  were	  etched	  in	  40%	  HF	  for	  20	  minutes	  at	  21oC	  in	  
order	  to	  reveal	  the	  resultant	  induced	  tracks.	  	  The	  samples	  were	  analyzed	  using	  the	  external	  
detector	  method	  (Gleadow,	  1981)	  and	  zeta	  calibration	  (Fleischer	  et	  al.,	  1975;	  Hurford	  and	  
Green,	  1983).	  	  Spontaneous	  tracks	  were	  counted	  in	  the	  apatite	  grains	  and	  induced	  tracks	  were	  
counted	  in	  the	  mica	  corresponding	  to	  each	  individual	  grain	  using	  a	  Nikon	  Optiphot-­‐2	  
microscope	  equipped	  with	  an	  automated	  stage	  and	  digitizing	  tablet.	  	  About	  100	  track	  lengths	  
were	  measured	  from	  horizontally	  confined	  tracks	  in	  each	  sample	  mount.	  	  Track	  length	  
distributions	  including	  Dpar	  and	  angle	  to	  the	  c-­‐axis	  were	  also	  measured	  and	  plotted	  so	  as	  to	  
provide	  more	  information	  into	  various	  kinetic	  parameters	  associated	  with	  the	  sample	  and	  the	  
rate	  of	  exhumation.	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Inverse	  thermal	  modeling	  
The	  inverse	  thermal	  modeling	  program	  HeFTy	  (Ketcham,	  2005)	  uses	  low-­‐temperature	  
thermochronologic	  age	  data	  and	  appropriate	  statistical	  analyses	  to	  find	  ‘acceptable’	  and	  ‘good’	  
paths	  to	  represent	  the	  cooling	  histories	  (shown	  as	  time-­‐temperature	  envelopes)	  which	  fit	  the	  
data	  and	  thermal	  constraints.	  	  Input	  for	  the	  inverse	  models	  included	  raw	  age	  data,	  raw	  track	  
length	  measurements	  (including	  angle	  of	  the	  track	  to	  the	  c-­‐axis)	  and	  Dpar	  measurements	  (pit	  
width	  measurements	  parallel	  to	  the	  c-­‐axis).	  	  Dpar	  was	  measured	  on	  all	  grains	  counted	  and	  on	  
grains	  in	  which	  horizontal	  confined	  tracks	  were	  measured.	  	  We	  attempted	  to	  reconstruct	  
various	  possible	  cooling	  paths	  (t-­‐T)	  associated	  with	  our	  samples	  by	  changing	  variables	  and	  
testing	  different	  scenarios	  over	  the	  past	  120	  million	  years.	  	  Independent	  age	  constrains	  were	  
also	  added	  to	  the	  models	  depending	  on	  known	  geologic	  events	  in	  the	  study	  area	  and	  
supporting	  isotopic	  systems.	  	  This	  makes	  HeFTy	  analysis	  a	  valuable	  part	  of	  this	  study	  to	  
elucidate	  the	  thermal	  and	  tectonic	  history	  of	  rocks	  along	  the	  Totschunda	  fault.	  	  	  
	  
Whole	  Rock	  40Ar/39Ar	  Dating	  
	   40Ar/39Ar	   analysis	   was	   performed	   on	   five	   whole	   rock	   hypabyssal	   samples	   collected	  
proximal	  to	  several	  of	  the	  granitic	  samples	  analyzed	  using	  AFT	  (Figure	  4).	  	  The	  40Ar/39Ar	  analysis	  
was	  conducted	  at	  the	  University	  of	  Alaska	  Fairbanks	  by	  Dr.	  Jeff	  Benowitz.	  	  For	  40Ar/39Ar	  analysis,	  
samples	   were	   analyzed	   at	   the	   Geochronology	   laboratory	   at	   UAF	   where	   they	   were	   crushed,	  
sieved,	  washed	  and	  hand-­‐picked.	  	  The	  monitor	  mineral	  MMhb-­‐1	  (Samson	  and	  Alexander,	  1987)	  
with	   an	   age	   of	   513.9	  Ma	   (Lanphere	   and	  Dalrymple,	   2000)	  was	   used	   to	  monitor	   neutron	   flux	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(and	   calculate	   the	   irradiation	   parameter,	   J).	   	   The	   samples	   and	   standards	   were	   wrapped	   in	  
aluminum	  foil	  and	  loaded	  into	  aluminum	  cans	  of	  2.5	  cm	  diameter	  and	  6	  cm	  height.	  The	  samples	  
were	  irradiated	  in	  position	  5c	  of	  the	  uranium	  enriched	  research	  reactor	  of	  McMaster	  University	  
in	  Hamilton,	  Ontario,	  Canada	  for	  20	  megawatt-­‐hours.	  	  	  
Upon	  their	  return	  from	  the	  reactor,	  the	  samples	  and	  monitors	  were	  loaded	  into	  2	  mm	  
diameter	  holes	   in	  a	  copper	  tray	  that	  was	  then	  loaded	  in	  an	  ultra-­‐high	  vacuum	  extraction	   line.	  	  
The	  monitors	   were	   fused,	   and	   samples	   heated,	   using	   a	   6-­‐watt	   argon-­‐ion	   laser	   following	   the	  
technique	   described	   in	   York	   et	   al.	   (1981),	   Layer	   et	   al.	   (1987)	   and	   Layer	   (2000).	   	   Argon	  
purification	  was	  achieved	  using	  a	  liquid	  nitrogen	  cold	  trap	  and	  a	  SAES	  Zr-­‐Al	  getter	  at	  400C.	  	  The	  
samples	  were	  analyzed	  in	  a	  VG-­‐3600	  mass	  spectrometer	  at	  the	  Geophysical	  Institute,	  University	  
of	  Alaska	  Fairbanks.	  The	  argon	   isotopes	  measured	  were	  corrected	   for	  system	  blank	  and	  mass	  
discrimination,	   as	   well	   as	   calcium,	   potassium	   and	   chlorine	   interference	   reactions	   following	  
procedures	  outlined	   in	  McDougall	   and	  Harrison	   (1999).	   System	  blanks	   generally	  were	  2x10-­‐16	  
mol	   40Ar	   and	   2x10-­‐18	   mol	   36Ar	   that	   are	   10	   to	   50	   times	   smaller	   than	   fraction	   volumes.	   Mass	  
discrimination	  was	  monitored	  by	  running	  both	  calibrated	  air	  shots	  and	  a	  zero-­‐age	  glass	  sample.	  	  
These	  measurements	  were	  made	  on	  a	  weekly	   to	  monthly	  basis	   to	  check	   for	  changes	   in	  mass	  
discrimination.	  	  
RESULTS	  AND	  INTERPRETATION	  
	   The	  AFT	  ages	  from	  rocks	  along	  the	  Totschunda	  fault	  range	  from	  24	  Ma	  to	  190	  Ma	  (Table	  
1)	  depending	  on	  their	  location	  in	  the	  study	  area	  (Figure	  5).	  	  The	  two	  samples	  closest	  to	  the	  
Totschunda	  fault	  (01TOT	  and	  02TOT)	  yield	  24.5	  ±	  2.3	  (1σ)	  and	  23.7	  ±	  1.6	  (1σ)	  Ma	  ages	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respectively	  (Table	  1	  and	  Figure	  5).	  	  01TOT	  has	  a	  mean	  track	  length	  of	  11.6	  µm	  and	  02TOT	  has	  a	  
mean	  track	  length	  of	  13.5	  µm	  (Figure	  16).	  Inverse	  thermal	  models	  indicate	  a	  cooling	  signal	  at	  25	  
Ma	  (Figure	  10).	  	  The	  inverse	  model	  for	  02TOT	  also	  depicts	  a	  gradual	  cooling	  path	  after	  this	  rapid	  
event	  (from	  25	  Ma	  until	  the	  present).	  	  The	  inverse	  model	  for	  01TOT,	  however,	  shows	  distinct	  
rapid	  cooling	  in	  the	  Late	  Miocene.	  
The	  samples	  collected	  as	  a	  part	  of	  the	  horizontal	  transect	  (08TOT,	  13TOT,	  15TOT	  and	  
18TOT)	  show	  a	  trend	  of	  increasing	  AFT	  age	  with	  greater	  distance	  from	  the	  Totschunda	  fault	  
(Figure	  5).	  	  Nearest	  to	  the	  fault,	  08TOT	  yields	  an	  AFT	  age	  of	  30.5	  ±	  1.9	  (1σ)	  Ma	  and	  a	  mean	  track	  
length	  of	  13.6	  µm,	  whereas	  the	  data	  from	  13TOT	  and	  15TOT	  yield	  42.9	  ±	  3.4	  (1σ)	  and	  53.2	  ±	  4.9	  
(1σ)	  Ma	  AFT	  ages	  and	  13.2	  µm	  and	  13.4	  µm	  mean	  track	  lengths.	  	  The	  final	  sample	  in	  the	  
transect	  (18TOT)	  has	  an	  AFT	  age	  of	  70.9	  ±	  11.1	  (1σ)	  Ma	  and	  a	  12.7	  µm	  mean	  track	  length	  
(Figure	  16	  and	  17).	  	  There	  is	  a	  trend	  of	  increasing	  mean	  track	  length	  with	  distance	  from	  the	  
fault.	  	  Inverse	  models	  indicate	  that	  08TOT	  and	  13TOT	  underwent	  rapid	  cooling	  between	  35	  and	  
50	  Ma	  (Figure	  12).	  	  15TOT	  produces	  an	  inverse	  model	  that	  indicates	  increased	  cooling	  rates	  
between	  50	  and	  60	  Ma.	  	  18TOT	  shows	  more	  recent	  rapid	  cooling	  in	  the	  Late	  Miocene	  (Figure	  
12).	  	  
The	  four	  sample	  vertical	  profile	  included	  01TOT	  (1688	  m)	  as	  the	  lowest	  sample	  with	  
24TOT,	  21TOT	  and	  23TOT	  comprising	  the	  rest	  of	  the	  profile	  (Figures	  4	  and	  7).	  	  	  24TOT	  (1709	  m)	  
yields	  an	  AFT	  age	  of	  56.0	  ±	  5.1	  (1σ)	  Ma	  and	  a	  mean	  track	  length	  of	  13.8	  µm.	  	  21TOT	  (1936	  m)	  
has	  an	  AFT	  age	  of	  92.8	  ±	  9.5	  (1σ)	  Ma	  and	  a	  mean	  track	  length	  of	  11.6	  µm.	  	  23TOT	  (2259	  m)	  has	  
an	  age	  of	  94.4	  ±	  10	  (1σ)	  Ma	  and	  a	  mean	  track	  length	  of	  13.9	  µm	  (Figures	  5,	  16	  and	  17).	  	  	  The	  
inverse	  model	  produced	  for	  21TOT	  shows	  a	  significant	  cooling	  event	  at	  ~25	  Ma	  (much	  like	  the	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near-­‐fault	  samples).	  	  24TOT	  most	  likely	  underwent	  a	  cooling	  event	  at	  ~60	  Ma	  and	  23TOT	  (the	  
highest	  in	  the	  transect)	  experienced	  one	  at	  ~70	  Ma	  (Figure	  13).	  	  	  
25TOT	  and	  26TOT	  were	  both	  collected	  remotely,	  on	  the	  southern	  outboard	  side	  of	  the	  
study	  area	  along	  the	  Totschunda	  fault	  (Figure	  4).	  	  25TOT	  yields	  an	  AFT	  age	  of	  85.8	  ±	  8.8	  (1σ)	  Ma	  
with	  a	  mean	  track	  length	  of	  12.8	  µm	  and	  26TOT	  was	  found	  to	  have	  an	  AFT	  age	  of	  80.1	  ±	  6.0	  (1σ)	  
Ma	  and	  a	  mean	  track	  length	  of	  13.7	  µm	  (Figures	  5	  and	  18).	  	  The	  HeFTy	  model	  produced	  for	  
25TOT	  shows	  a	  very	  slight	  cooling	  event	  in	  the	  Late	  Miocene,	  a	  signal	  seen	  in	  other	  samples	  in	  
the	  study	  (discussed	  above)	  (Figure	  14).	  	  39TOT	  and	  40TOT	  were	  both	  collected	  together	  on	  the	  
western	  side	  of	  the	  study	  area	  (Figure	  4),	  significantly	  further	  north	  of	  the	  step-­‐over.	  	  39TOT	  
yields	  an	  AFT	  age	  of	  71.7	  ±	  7.0	  (1σ)	  and	  a	  mean	  track	  length	  of	  12.8	  µm.	  	  40TOT	  yields	  an	  AFT	  
age	  of	  77.7	  ±	  6.0	  (1σ)	  Ma	  and	  a	  mean	  track	  length	  of	  13.1	  µm	  (Figure	  18).	  	  These	  4	  outboard	  
samples	  all	  have	  significantly	  older	  AFT	  ages	  than	  the	  samples	  collected	  proximal	  to	  the	  fault	  
trace.	  	  All	  of	  the	  outboard	  samples’	  inverse	  model’s	  record	  cooling	  events	  between	  70	  and	  80	  
Ma	  (Figure	  14).	  	  	  
The	  sample	  farthest	  from	  the	  fault,	  20TOT,	  has	  an	  AFT	  age	  of	  20.2	  ±	  3.4	  Ma	  (1σ)	  and	  a	  
mean	  track	  length	  of	  14	  µm	  (Figures	  5	  and	  17).	  	  This	  sample	  is	  from	  a	  hypabyssal	  source	  
collected	  closer	  to	  the	  Wrangell	  volcanics	  in	  the	  study	  area.	  	  The	  AFT	  data	  for	  20TOT	  indicates	  
rapid	  cooling	  at	  ~20	  Ma	  which	  is	  also	  indicated	  in	  the	  inverse	  thermal	  model	  run	  for	  this	  sample	  
(Figure	  15).	  	  This	  indicates	  the	  probability	  of	  rapid	  intrusion	  that	  initiated	  between	  ca.	  20	  and	  25	  
Ma.	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   The	  three	  samples	  located	  within	  the	  Totschunda	  fault	  step-­‐over	  (11TOT,	  12TOT	  and	  
30TOT)	  yield	  AFT	  ages	  ranging	  from	  142	  –	  190	  Ma	  (Figure	  5).	  	  Mean	  track	  lengths	  for	  these	  
samples	  are	  between	  12.9	  and	  13.3	  µm	  (Figures	  16	  and	  18).	  	  According	  to	  the	  inverse	  thermal	  
models	  produced	  for	  these	  samples	  they	  all	  underwent	  gradual	  cooling	  over	  time	  (Figure	  11),	  
possibly	  indicative	  of	  less	  exhumation	  in	  this	  part	  of	  the	  study	  area.	  	  
	   The	  detrital	  sample	  (16TOT)	  from	  Notch	  Creek	  collected	  ~100	  m	  upstream	  from	  the	  
Totschunda	  fault	  strand	  yields	  an	  AFT	  age	  of	  60.1	  ±	  3.7	  (1σ)	  Ma.	  	  To	  determine	  the	  various	  grain	  
age	  populations	  in	  the	  sample	  a	  probability	  density	  (PD)	  analysis	  was	  undertaken	  using	  the	  
program	  BinomFit	  (Brandon,	  1996).	  	  This	  analysis	  constrained	  the	  number	  and	  percentage	  
likelihood	  of	  various	  age	  peaks	  in	  the	  sample	  population.	  A	  Kernel	  Density	  (KD)	  analysis	  
(Vermeesch,	  2012)	  was	  then	  used	  to	  determine	  where	  those	  peaks	  were	  located	  in	  the	  KD	  plot.	  	  
The	  sample’s	  PD	  plot	  analysis	  (Figure	  20)	  produced	  3	  major	  age	  peaks,	  with	  53%	  of	  the	  sample	  
likely	  defining	  a	  ~77	  Ma	  peak.	  	  Another	  pronounced	  peak	  was	  ~32	  Ma	  with	  38.2%	  of	  grains	  
likely	  defining	  this	  peak,	  and	  a	  final	  peak	  of	  164	  Ma	  with	  8%	  of	  likely	  grains.	  	  The	  kernel	  density	  
analysis	  (Figure	  21),	  once	  the	  number	  of	  peaks	  were	  defined,	  yielded	  essentially	  the	  same	  
result:	  three	  age	  peaks	  at	  ~32	  Ma,	  77	  Ma	  and	  163	  Ma,	  with	  similar	  percentages	  of	  grains	  
defining	  each	  peak.	  
Grain	  age	  populations	  for	  all	  19	  samples	  were	  determined	  using	  binomial	  peak-­‐fitting	  
software	  (Brandon,	  1996).	  	  All	  of	  the	  samples	  (save	  for	  16TOT)	  yield	  one	  dominant,	  and	  
pronounced	  age	  peak.	  	  Some	  of	  the	  samples	  also	  yield	  secondary	  age	  peaks	  but	  they	  are	  not	  as	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well	  defined	  as	  the	  main	  age	  peaks.	  	  It	  is	  likely	  that	  the	  only	  significant	  peaks	  in	  these	  samples	  
are	  in	  fact	  the	  larger	  and	  more	  defined	  grain	  age	  populations.	  	  	  	  
	   	  
Whole	  Rock	  40Ar/39Ar	  Data	  
	   Data	  acquired	  from	  whole	  rock	  40Ar/39Ar	  dating	  correlated	  with	  the	  AFT	  data	  collected	  
for	  this	  study.	  	  01TOT,	  02TOT,	  20TOT	  and	  31TOT	  were	  all	  dated	  using	  this	  method.	  	  A	  
homogenous	  pure	  potassium	  feldspar	  separate	  was	  prepared	  from	  sample	  01TOT	  which	  
crosses	  brittle	  faulting	  of	  the	  Nabesna	  Pluton	  proximal	  (<	  0.5	  km)	  to	  the	  Totschunda	  fault.	  The	  
integrated	  age	  (111.4	  ±	  1.1	  Ma)	  was	  in	  error	  of	  the	  plateau	  age	  determination	  (111.5	  ±	  1.3	  Ma)	  
and	  the	  isochron	  age	  determination	  (110.2	  ±	  1.0	  Ma).	  We	  prefer	  the	  plateau	  age	  of	  111.5	  ±	  1.3	  
Ma	  because	  the	  lower	  temperature	  steps	  were	  very	  imprecise	  due	  in	  part	  to	  high	  atmospheric	  
content.	  	  The	  criteria	  for	  accepting	  the	  plateau	  age	  over	  the	  total	  gas	  age	  were	  age	  coherence	  
in	  the	  step	  heating	  experiment	  for	  ≥	  50%	  of	  the	  gas	  released.	  	  This	  technique	  was	  also	  used	  to	  
determine	  a	  plateau	  age	  of	  approximately	  109.9	  ±	  1.0	  Ma	  for	  sample	  02TOT.	  	  	  
	   A	  homogenous,	  phenocryst	  free	  whole	  rock	  separate	  was	  prepared	  from	  samples	  20TOT	  
and	  31TOT.	  	  The	  integrated	  age	  of	  20TOT	  (23.2	  ±	  0.6	  Ma)	  was	  in	  error	  of	  the	  plateau	  age	  
determination	  (23.9	  ±	  0.7	  Ma)	  and	  the	  isochron	  age	  determination	  (25.0	  ±	  1.2	  Ma).	  We	  prefer	  
the	  plateau	  age	  of	  23.9	  ±	  0.7	  Ma	  because	  of	  the	  possibility	  of	  loss	  during	  the	  low	  laser	  power	  
(low	  temperature)	  heating	  steps.	  	  The	  plateau	  age	  of	  sample	  31TOT	  was	  23.3	  ±	  0.6	  Ma.	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   Whole	  rock	  40Ar/39Ar	  was	  also	  performed	  on	  three	  separate	  samples	  not	  analyzed	  using	  
AFT	  analysis.	  	  32TOT,	  and	  33TOT	  were	  collected	  from	  an	  area	  adjacent	  to	  31TOT	  on	  the	  western	  
side	  of	  the	  Totschunda	  fault	  (Figure	  4).	  	  These	  samples	  were	  determined	  to	  have	  a	  plateau	  age	  
of	  23.3	  ±	  0.6	  Ma	  and	  21.9	  ±	  0.3	  Ma	  respectively.	  	  17TOT	  was	  collected	  along	  the	  horizontal	  
transect	  and	  produced	  a	  plateau	  age	  of	  24.9	  ±	  0.4	  Ma.	  	  All	  three	  of	  these	  samples	  seemed	  to	  




	   Predictions	  for	  the	  pattern	  of	  low	  temperature	  thermochronology	  ages	  were	  that	  the	  
youngest	  ages	  would	  most	  likely	  lie	  adjacent	  to	  the	  Totschunda	  fault,	  similar	  to	  other	  strike-­‐slip	  
fault	  systems	  (e.g.	  Spotila	  et	  al.,	  2001;	  Riccio,	  2012).	  	  I	  predicted	  that	  the	  greatest	  exhumation	  
would	  also	  occur	  along	  the	  fault	  and	  that	  ages	  would	  most	  likely	  become	  older	  with	  distance	  
from	  the	  Totschunda	  fault	  and	  with	  elevation.	  	  
	   The	  two	  samples	  closest	  to	  the	  Totschunda	  fault	  (01TOT	  and	  02TOT)	  are	  also	  the	  
youngest,	  as	  predicted	  when	  the	  sampling	  strategy	  was	  designed.	  	  Although	  these	  samples	  
have	  mean	  track	  lengths	  <	  14	  µm	  suggestive	  of	  slower	  cooling,	  inverse	  models	  indicate	  
relatively	  rapid	  cooling	  at	  ca.	  25	  Ma	  (Oligocene).	  	  The	  sample	  located	  closest	  (~100	  m)	  to	  the	  
fault,	  01TOT,	  was	  within	  an	  area	  of	  penetrative	  brittle	  faulting.	  	  The	  inverse	  model	  also	  suggests	  
rapid	  cooling	  occurred	  in	  the	  Late	  Miocene.	  	  It	  would	  make	  sense	  that	  the	  near-­‐fault	  samples	  
would	  be	  indicative	  of	  such	  events,	  as	  they	  would	  react	  most	  to	  movement	  along	  the	  fault	  and	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the	  resultant	  exhumation.	  	  However,	  since	  these	  young	  cooling	  events	  are	  also	  recorded	  further	  
from	  the	  fault,	  it	  could	  indicate	  that	  the	  effects	  of	  the	  fault	  are	  widespread	  in	  the	  study	  area.	  
	   On	  the	  western	  side	  of	  the	  Totschunda	  fault	  ages	  increase	  with	  increasing	  distance	  from	  
the	  fault.	  	  08TOT	  (31	  Ma),	  13TOT	  (43	  Ma),	  15TOT	  (53	  Ma)	  and	  18TOT	  (71	  Ma)	  all	  suggest	  a	  
pattern	  of	  decreasing	  exhumation	  corresponding	  with	  the	  older	  AFT	  ages	  of	  each	  of	  the	  
samples.	  	  Moving	  away	  from	  the	  Totschunda	  fault,	  its	  influence	  should	  wane	  and	  thus	  the	  
amount	  of	  exhumation	  should	  decrease.	  	  There	  is	  also	  an	  increasing	  trend	  in	  the	  mean	  track	  
lengths	  of	  these	  4	  samples,	  increasing	  with	  distance	  from	  the	  fault	  as	  well.	  	  This	  is	  the	  opposite	  
of	  what	  would	  be	  expected.	  	  We	  would	  expect	  the	  samples	  closest	  to	  the	  fault	  to	  have	  the	  
longest	  track	  lengths,	  since	  it	  is	  more	  likely	  that	  they	  were	  exhumed	  faster	  due	  to	  the	  influences	  
of	  the	  Totschunda	  fault.	  	  However,	  the	  trend	  in	  the	  track	  length	  data	  seems	  to	  indicate	  that	  
those	  samples	  closer	  to	  the	  fault	  travelled	  through	  the	  PAZ	  at	  a	  slower	  rate	  than	  the	  samples	  
farther	  from	  the	  fault	  trace.	  	  This	  data	  can	  be	  better	  reconciled	  by	  using	  inverse	  modeling.	  	  Two	  
inverse	  models	  (08TOT	  and	  18TOT)	  indicate	  rapid	  cooling	  in	  the	  Late	  Miocene	  (Figure	  12)	  much	  
like	  the	  two	  near-­‐fault	  samples	  mentioned	  above,	  suggesting	  that	  they	  are	  also	  recording	  this	  
younger	  event	  and	  that	  it	  is	  perhaps	  prevalent	  throughout	  the	  study	  area.	  	  	  
	   The	  cooling	  ages	  of	  01TOT	  (25	  Ma),	  24TOT	  (56	  Ma),	  21TOT	  (93	  Ma)	  and	  23TOT	  (94	  Ma)	  
increase	  with	  increasing	  elevation.	  	  The	  trend	  of	  increasing	  AFT	  ages	  with	  elevation	  is	  best	  
displayed	  when	  plotted	  (Figure	  26).	  	  An	  inverse	  model	  for	  21TOT	  registers	  a	  rapid	  cooling	  event	  
(very	  slight)	  in	  the	  Late	  Miocene.	  	  It	  also	  displays	  gradual	  cooling	  throughout	  the	  sample’s	  
history.	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A	  number	  of	  samples	  were	  collected	  from	  hypabyssal	  intrusions	  (20TOT)	  or	  from	  rocks	  
proximal	  to	  these	  hypabyssal	  (31TOT)	  rocks.	  	  These	  hypabyssal	  rocks	  were	  intruded	  into	  the	  
Nabesna	  pluton	  at	  ca.	  30-­‐	  25	  Ma.	  	  The	  AFT	  age	  of	  20TOT	  (20.2	  Ma)	  indicates	  rapid	  cooling	  of	  
shallow	  level	  intrusives.	  A	  ~24	  Ma	  plateau	  age	  for	  20TOT	  was	  determined	  using	  40Ar/39Ar.	  	  As	  
past	  research	  has	  surmised	  (Richter	  et	  al.,	  1975),	  these	  early	  Miocene	  hypabyssal	  intrusions	  are	  
related	  to	  early	  magmatism	  associated	  with	  the	  re-­‐activation	  of	  the	  Wrangell	  Volcanic	  Belt.	  	  	  
Several	  of	  the	  inverse	  models	  and	  AFT	  ages	  provide	  evidence	  for	  a	  cooling	  event	  
between	  90	  and	  80	  Ma.	  	  All	  four	  of	  the	  outboard	  samples	  collected	  had	  AFT	  ages	  in	  this	  range.	  	  
25TOT	  and	  26TOT	  both	  had	  strong	  cooling	  events	  around	  this	  period	  in	  their	  inverse	  models.	  	  
These	  two	  samples	  were	  collected	  within	  1.5	  km	  of	  the	  fault	  as	  opposed	  to	  39TOT	  and	  40TOT	  
(greater	  than	  10	  km	  from	  that	  Totschunda	  fault)	  (Figure	  4).	  	  The	  latter	  two	  samples	  showed	  
only	  minor	  cooling	  events	  during	  this	  time,	  and	  instead	  exhibit	  more	  gradual	  cooling.	  	  During	  
the	  Late	  Cretaceous	  arc	  volcanism	  re-­‐established	  inboard	  of	  the	  Wrangell	  Mountains.	  	  At	  this	  
time	  the	  Wrangell	  basin	  was	  located	  between	  the	  Kluane	  volcanic	  arc	  and	  the	  subduction	  
margin	  to	  the	  south,	  which	  led	  to	  a	  distinct	  transition	  from	  extension	  to	  compression	  in	  the	  
area	  (Trop	  et	  al.,	  2012).	  	  It	  should	  also	  be	  noted	  that	  intra-­‐basinal	  normal	  faulting	  was	  abundant	  
during	  the	  early	  to	  Late	  Cretaceous,	  all	  of	  which	  occurred	  synchronously	  with	  the	  rapid	  
construction	  of	  the	  continental	  margin	  arc	  to	  the	  south	  and	  rapid	  expansion	  of	  the	  Chugach	  
accretionary	  prism	  (e.g.	  Trop	  and	  Ridgway,	  2007).	  It	  is	  likely	  that	  these	  samples	  record	  changes	  
in	  exhumation	  due	  to	  the	  ongoing	  evolution	  of	  the	  Wrangell	  basin	  at	  this	  time.	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As	  discussed	  before,	  detrital	  sample	  16TOT	  was	  meant	  as	  a	  reconnaissance	  sample	  that	  
would	  provide	  more	  information	  on	  source	  rocks	  farther	  from	  the	  study	  area	  and	  at	  higher	  
elevations	  in	  the	  Wrangell	  Mountains.	  	  The	  PD	  plot	  produces	  data	  suggesting	  that	  the	  main	  age	  
peak	  for	  16TOT	  is	  ~77	  Ma	  with	  another	  pronounced	  peak	  at	  ~32	  Ma	  and	  a	  smaller	  peak	  at	  ~164	  
Ma.	  	  The	  majority	  of	  the	  grains	  analyzed	  fell	  into	  the	  77	  Ma	  age	  peak,	  meaning	  that	  the	  
majority	  of	  the	  grains	  analyzed	  were	  most	  likely	  from	  higher	  elevations	  similar	  to	  samples	  
21TOT	  and	  23TOT	  (though	  most	  likely	  slightly	  lower	  in	  elevation	  than	  these	  samples	  since	  
21TOT	  and	  23TOT	  recorded	  slightly	  higher	  AFT	  ages,	  and	  isotherms	  dips	  gently	  west,	  Figure	  8).	  	  
The	  majority	  of	  apatite	  bearing	  plutonic	  rocks	  (granitoids)	  can	  be	  found	  in	  the	  lower	  half	  of	  the	  
catchment	  associated	  with	  Notch	  Creek,	  closer	  to	  the	  trace	  of	  the	  Totschunda	  fault	  (Figure	  32).	  	  
This	  means	  that	  most	  of	  these	  grains	  likely	  came	  from	  relatively	  lower	  slopes	  of	  the	  nearby	  
mountains,	  as	  opposed	  to	  higher	  elevations	  that	  were	  not	  granitic	  and	  hence	  not	  apatite	  
bearing.	  	  This	  would	  explain	  why	  the	  main	  age	  peak	  in	  the	  PD	  and	  KD	  analyses	  was	  not	  
significantly	  older	  than	  ~77	  Ma.	  	  This	  ~77	  Ma	  age	  peak	  also	  correlates	  with	  the	  AFT	  age	  of	  
18TOT,	  and	  it	  is	  likely	  that	  the	  two	  sets	  of	  data	  record	  the	  same	  exhumation	  event,	  as	  would	  be	  
expected.	  	  The	  ~32	  Ma	  peak	  is	  more	  closely	  aligned	  with	  the	  ~25	  Ma	  cooling	  event	  recorded	  in	  
the	  in-­‐situ	  samples	  and	  inverse	  models	  (01TOT	  and	  02TOT).	  	  The	  ~164	  Ma	  peak	  is	  likely	  
associated	  with	  grains	  derived	  from	  the	  highest	  elevations	  or	  furthest	  distance	  headwaters,	  or	  




Structural	  implications	  of	  the	  Totschunda	  fault	  
It	  is	  likely	  that	  the	  step-­‐over	  feature	  along	  this	  section	  of	  the	  Totschunda	  fault	  has	  
experienced	  significantly	  less	  exhumation	  relative	  to	  the	  western	  section	  of	  the	  study	  area.	  The	  
three	  samples	  within	  the	  step-­‐over	  feature	  yielded	  significantly	  older	  ages	  compared	  to	  
samples	  on	  the	  opposite	  side	  of	  the	  fault.	  	  These	  ages	  suggest	  that	  the	  eastern	  side	  of	  this	  fault	  
strand	  is	  up-­‐to-­‐the	  west.	  	  A	  jump	  in	  AFT	  ages	  across	  a	  fault	  can	  be	  interpreted	  as	  being	  due	  to	  
rock	  uplift	  and	  exhumation	  on	  the	  west	  side	  of	  the	  Toschunda	  fault	  since	  ~24	  Ma	  (e.g.	  
Fitzgerald,	  1992;	  Gleadow	  and	  Fitzgerald	  1987).	  	  It	  is	  possible	  that	  most	  of	  the	  exhumation	  in	  
the	  study	  area	  is	  localized	  on	  the	  western	  side	  of	  the	  fault.	  	  This	  would	  give	  the	  appearance	  of	  
even	  older	  ages	  in	  the	  step-­‐over	  as	  compared	  to	  the	  ages	  found	  in	  01TOT	  and	  02TOT	  (Table	  1).	  
The	  older	  ages	  observed	  in	  the	  step-­‐over	  are	  indicative	  of	  slow	  cooling,	  showing	  that	  very	  little	  
exhumation	  has	  affected	  the	  eastern	  side	  of	  this	  fault	  strand.	  
	  	  	   When	  considering	  all	  of	  the	  AFT	  ages	  on	  the	  western	  side	  of	  the	  fault	  strand	  it	  is	  
apparent	  that	  there	  is	  a	  trend	  in	  the	  data.	  	  The	  cooling	  ages	  grow	  older	  away	  from	  the	  
Totschunda	  fault	  and	  when	  placed	  in	  approximate	  10	  Ma	  bins,	  appear	  to	  define	  slivers	  
reflecting	  less	  exhumation	  with	  distance	  from	  the	  fault	  strand	  (Figure	  27).	  	  Our	  interpretation	  of	  
the	  AFT	  data	  and	  inverse	  thermal	  models,	  with	  respect	  to	  sample	  location,	  indicate	  that	  the	  
band	  of	  rocks	  that	  record	  the	  Late	  Miocene	  cooling	  (01TOT,	  02TOT	  and	  possibly	  25TOT)	  is	  
actually	  very	  narrow	  (~2	  km)	  closest	  to	  the	  fault	  (with	  18TOT	  being	  the	  exception).	  	  Inverse	  
thermal	  models	  of	  the	  horizontal	  transect	  samples	  record	  the	  Late	  Miocene,	  ca.	  25	  Ma,	  and	  ca.	  
45-­‐55	  Ma	  signals	  in	  the	  cooling	  record,	  indicating	  that	  something	  is	  affecting	  the	  Notch	  Creek	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region	  of	  the	  study	  area.	  	  This	  is	  especially	  evident	  in	  sample	  18TOT,	  the	  furtherst	  from	  the	  
Toschunda	  fault,	  whose	  inverse	  model	  indicates	  rapid	  cooling	  in	  the	  Late	  Miocene.	  	  This	  is	  
unexpected	  due	  to	  the	  sample’s	  distance	  from	  the	  fault.	  	  It	  is	  possible	  that	  there	  is	  another	  
previously	  unmapped	  structure	  or	  fault	  strand	  in	  the	  region	  causing	  this	  discrepancy	  in	  the	  
data.	  	  	  
	   Transpression	  is	  common	  along	  strike-­‐slip	  faults	  and	  is	  an	  important	  feature	  of	  
continental	  transform	  tectonics	  (Spotila	  et	  al.,	  2001).	  	  Several	  of	  the	  sampled	  rock	  units	  closer	  
to	  the	  fault	  experienced	  significant	  brittle	  and	  ductile	  deformation,	  which	  could	  be	  indicative	  of	  
transpressional	  forces.	  	  Transpressional	  structural	  features	  could	  also	  account	  for	  the	  pattern	  in	  
the	  sample	  cooling	  ages.	  	  A	  contraction	  strike-­‐slip	  duplex	  is	  a	  structure	  that	  has	  been	  known	  to	  
cause	  similar	  exhumation	  patterns	  (Cunningham	  and	  Mann,	  2007).	  	  Transpressional	  restraining	  
bends	  have	  also	  been	  known	  to	  cause	  these	  patterns	  of	  increased	  exhumation	  on	  one	  side	  of	  a	  
fault	  strand	  (Cunningham	  and	  Mann,	  2007).	  	  Realistically	  this	  segment	  of	  the	  Totschunda	  fault	  
is	  a	  combination	  of	  these	  two	  features,	  accounting	  for	  the	  radial	  bands/	  thin	  slivers	  of	  
exhumation.	  	  Similar	  exhumation	  patterns	  have	  been	  observed	  along	  other	  major	  strike-­‐slip	  
fault	  systems,	  most	  notably	  the	  San	  Andreas	  fault	  in	  Southern	  California	  (Spotila	  et	  al.,	  1998).	  	  	  
	  
Tectonic	  implications	  of	  the	  Totschunda	  fault	  
	   Alaska	  has	  a	  long	  history	  of	  plate-­‐plate	  interaction,	  magmatism	  and	  ridge	  subduction.	  	  It	  
is	  possible	  that	  the	  55-­‐	  45	  Ma	  ages	  and	  signals	  from	  this	  study	  are	  associated	  with	  a	  spreading	  
ridge	  that	  swept	  across	  southern	  Alaska	  between	  60-­‐	  50	  Ma.	  	  West-­‐to-­‐east	  subduction	  of	  an	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oceanic	  spreading	  center	  would	  have	  influenced	  over	  2000	  km	  of	  the	  continental	  margin	  from	  
south-­‐central	  Alaska	  all	  the	  way	  to	  western	  Canada	  (e.g.	  Haeussler	  et	  al.,	  2003).	  	  This	  spreading	  
ridge	  was	  associated	  with	  the	  proposed	  “resurrection”	  plate	  which	  would	  have	  interacted	  
significantly	  with	  the	  southern	  margin	  of	  Alaska	  and	  the	  Pacific	  Northwest	  at	  this	  time	  (e.g.	  
McCrory	  and	  Wilson,	  2013).	  	  The	  theory	  of	  the	  resurrection	  plate	  is	  bolstered	  by	  similarities	  in	  
geochemical	  properties	  of	  basalts	  found	  in	  both	  southern	  Alaska	  and	  along	  Vancouver	  Island	  as	  
well	  as	  a	  progression	  of	  intrusive	  ages	  across	  southern	  Alaska	  (Davis	  and	  Plafker,	  1986).	  	  	  
These	  ~55	  Ma	  AFT	  ages	  could	  be	  related	  to	  the	  Kula-­‐Resurrection	  and	  Farallon-­‐
Resurrection	  spreading	  ridges	  docking	  and	  accreting	  with	  North	  America	  (e.g.	  McCrory	  and	  
Wilson,	  2013;	  Trop	  and	  Ridgway,	  2007).	  	  Other	  studies	  have	  found	  AFT	  ages	  of	  ~55	  Ma	  to	  be	  
associated	  with	  exhumation	  following	  shallow	  pluton	  emplacement	  around	  this	  time	  period	  
(Riccio,	  2012).	  	  Samples	  dated	  by	  Riccio	  (2012)	  were	  located	  relatively	  close	  to	  the	  Totschunda	  
fault	  study	  area	  in	  the	  Eastern	  Alaska	  Range.	  	  It	  is	  very	  likely	  that	  the	  AFT	  ages	  between	  the	  two	  
studies	  are	  in	  fact	  correlative,	  and	  that	  both	  sets	  of	  data	  are	  picking	  up	  the	  same	  signal	  in	  the	  
thermochronologic	  record.	  	  	  
The	  rapid	  cooling	  event	  at	  ~25	  Ma	  was	  likely	  caused	  by	  exhumation	  associated	  with	  the	  
initiation	  or	  reactivation	  of	  the	  Totschunda	  fault.	  	  It	  is	  also	  possible	  that	  this	  exhumation	  was	  
caused	  by	  an	  initiation	  of	  a	  transpressional	  component	  of	  the	  Totschunda	  fault.	  	  The	  Yakutat	  
microplate	  would	  have	  added	  increased	  stress	  to	  the	  region	  of	  southeastern	  Alaska	  upon	  its	  
arrival	  and	  the	  intitiation	  of	  subduction	  (Figure	  30).	  	  The	  23-­‐	  24	  Ma	  cooling	  event	  and	  the	  ~31	  
Ma	  events	  recorded	  in	  the	  data	  correlate	  with	  this	  initiation	  of	  highly	  coupled	  flat-­‐slab	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subduction	  and	  initial	  accretion	  of	  the	  Yakutat	  microplate	  (~25	  Ma).	  	  It	  is	  likely	  that	  at	  this	  point	  
the	  Totschunda	  fault	  either	  re-­‐activated	  or	  initiated	  as	  a	  mechanism	  to	  accommodate	  this	  new	  
strain.	  	  	  
As	  discussed	  above,	  GPS	  data	  from	  previous	  studies	  also	  show	  that	  a	  significant	  amount	  
of	  slip	  is	  accommodated	  along	  the	  Totschunda-­‐Fairweather	  fault	  system	  (e.g.	  Elliot	  et	  al.,	  2012).	  	  
There	  is	  ~1-­‐1.5	  cm/yr	  of	  unaccounted	  for	  convergence	  occurring	  due	  to	  the	  Yakutat	  block	  
colliding	  with	  North	  America	  (Matmon	  et	  al.,	  2006).	  	  Furthermore,	  it	  has	  been	  surmised	  that	  it	  
is	  not	  likely	  that	  all	  of	  the	  missing	  convergence	  could	  be	  accommodated	  by	  normal	  exhumation	  
and	  strain	  processes	  in	  the	  area,	  suggesting	  that	  a	  through-­‐going	  connection	  between	  the	  
Fairweather	  system	  and	  Denali	  system	  must	  exist	  (Richter	  and	  Matson,	  1971).	  	  I	  posit	  that	  this	  
unaccounted	  for	  strain	  has	  been	  accommodated	  off	  of	  the	  western	  segment	  of	  the	  Denali	  fault	  
(Figure	  30).	  	  If	  this	  were	  in	  fact	  the	  case	  then	  that	  would	  explain	  the	  slowed	  slip	  rates	  on	  the	  
eastern	  segment	  of	  the	  Denali	  fault.	  	  Previous	  studies	  have	  shown	  that	  the	  eastern	  section	  of	  
the	  Denali	  fault	  is	  slipping	  at	  a	  rate	  significantly	  slower	  than	  the	  central	  segment	  (Matmon	  et	  
al.,	  2006).	  	  This	  slip	  rate	  along	  the	  eastern	  segment	  is	  also	  significantly	  slower	  than	  that	  of	  the	  
Totschunda-­‐Fairweather	  system.	  	  Previous	  studies	  corroborate	  this	  theory	  that	  the	  Totschunda	  
fault	  and	  potential	  “Connector”	  fault	  are	  now	  transferring	  this	  strain	  to	  the	  main	  strand	  of	  the	  
Denali	  fault,	  bypassing	  the	  eastern	  segment	  of	  the	  Denali	  fault	  almost	  entirely	  (Matmon	  et	  al.,	  
2006;	  Spotila	  and	  Berger,	  2010).	  
The	  Totschunda	  fault	  system	  could	  share	  the	  strain	  load	  with	  the	  poorly-­‐defined	  
“Connector”	  fault.	  	  There	  is	  an	  apparent	  175	  km-­‐long	  strike-­‐slip	  gap	  between	  the	  Totschunda	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fault	  and	  the	  Fairweather	  system	  (through	  the	  Seward	  Glacier	  region)	  where	  the	  connector	  
fault	  could	  be	  located	  (Spotila	  and	  Berger,	  2010).	  	  However,	  95%	  of	  this	  area	  is	  covered	  by	  ice,	  
making	  it	  difficult	  to	  study	  properly.	  	  Furthermore,	  rapid	  erosion	  may	  have	  erased	  many	  
geomorphic	  clues	  to	  the	  existence	  of	  this	  through-­‐going	  structure	  (Richter	  and	  Matson,	  1971;	  
Spotila	  and	  Berger,	  2010).	  	  If	  the	  “Connector”	  fault	  does	  exist,	  or	  the	  Totschunda	  fault	  were	  to	  
extend	  further	  south	  than	  originally	  thought,	  then	  the	  overall	  Denali-­‐Totschunda-­‐“Connector”-­‐
Fairweather	  fault	  system	  would	  provide	  a	  plausible	  mechanism	  for	  accommodating	  strain	  in	  the	  
region.	  	  
The	  data	  from	  several	  samples	  also	  present	  evidence	  for	  a	  younger,	  more	  recent	  cooling	  
event	  at	  in	  the	  Late	  Miocene	  (Ca.	  10	  Ma).	  	  It	  is	  possible	  that	  these	  samples	  record	  a	  change	  in	  
continuing	  strain	  in	  the	  region,	  namely	  caused	  by	  the	  continued	  subduction	  of	  the	  Yakutat	  
microplate	  and	  changes	  in	  Pacific	  Plate	  motion.	  	  There	  have	  been	  several	  early	  Miocene	  and	  
earlier	  events	  recorded	  throughout	  southern	  Alaska.	  	  The	  most	  prominent	  of	  such	  events	  was	  
the	  creation	  of	  the	  Central	  Alaska	  Range,	  beginning	  in	  the	  middle	  Miocene	  	  (e.g.	  Haeussler,	  
2008;	  Fitzgerald	  et	  al.,	  1995).	  	  Because	  the	  Totschunda	  fault	  is	  currently	  active	  today	  (as	  
evidenced	  by	  the	  2002	  Denali	  fault	  earthquake)	  it	  is	  safe	  to	  assume	  that	  it	  has	  most	  likely	  
responded	  to	  episodic	  changes	  in	  strain	  throughout	  the	  Neogene	  and	  Quartenary	  until	  the	  
present	  day.	  	  All	  of	  this	  data	  presented	  corroborates	  the	  hypothesis	  that	  the	  Totschunda	  fault	  





	   Low-­‐temperature	  thermochronologic	  ages	  obtained	  in	  this	  study	  allow	  us	  to	  constrain	  
the	  thermal	  history	  of	  the	  Totschunda	  fault	  in	  southeastern	  Alaska.	  	  These	  ages	  are	  also	  
complimentary	  to	  many	  other	  studies	  that	  are	  being	  conducted	  in	  southeastern	  Alaska,	  and	  can	  
add	  valuable	  insight	  into	  the	  development	  of	  the	  Denali-­‐Totschunda-­‐Fairweather	  fault	  system.	  	  
AFT	  cooling	  ages	  on	  the	  western	  side	  of	  the	  fault	  are	  all	  significantly	  younger	  than	  the	  AFT	  ages	  
on	  the	  eastern	  side	  of	  the	  fault	  with	  ages	  increasing	  with	  elevation	  and	  horizontal	  distance	  from	  
the	  fault	  trace.	  	  This	  juxtaposition	  of	  ages	  indicates	  that	  significantly	  more	  relatively	  rapid	  
cooling	  associated	  with	  exhumation	  has	  occurred	  on	  the	  western	  side	  of	  this	  particular	  strand	  
of	  the	  Totschunda	  fault.	  	  This	  is	  most	  likely	  indicative	  of	  a	  transpressional	  restraining	  bend	  or	  a	  
contraction	  strike-­‐slip	  duplex	  or	  quite	  possibly	  a	  combination	  of	  the	  two.	  	  Furthermore,	  young	  
cooling	  ages	  observed	  near	  the	  fault	  indicate	  rapid	  cooling	  and	  thus	  rapid	  exhumation	  at	  ~25	  
Ma.	  	  This	  exhumation	  can	  be	  associated	  with	  the	  onset	  of	  subduction	  and	  collision	  of	  the	  
Yakutat	  microplate	  along	  the	  southeastern	  margin	  of	  Alaska.	  	  Inverse	  thermal	  models	  suggest	  a	  
more	  recent	  rapid	  cooling	  event	  that	  occurred	  in	  the	  Late	  Miocene	  (~10	  Ma)	  that	  was	  probably	  
caused	  by	  the	  continuing	  subduction	  of	  the	  Yakutat	  microplate	  beneath	  the	  southern	  margin	  of	  
Alaska.	  	  Other	  AFT	  cooling	  ages	  can	  be	  associated	  with	  various	  tectonic	  events	  including	  the	  
interaction	  of	  the	  Kula,	  Farallon,	  Pacific,	  North	  American	  and	  potential	  Resurrection	  plates.	  	  
Finally,	  if	  the	  Totschunda	  fault	  is	  in	  fact	  accommodating	  stress	  in	  the	  region,	  then	  it	  is	  likely	  that	  
there	  is	  a	  connecting	  fault	  structure	  between	  it	  and	  the	  more	  southern	  Fairweather	  fault.	  	  
Together	  these	  three	  faults	  would	  be	  a	  plausible	  mechanism	  for	  accommodating	  strain	  off	  of	  
the	  Denali	  fault	  system	  to	  the	  north.	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Tables	  and	  Figures	  
	  
Table	  1:	  	  AFT,	  track	  length,	  DPAR,	  location	  and	  elevation	  data	  from	  near	  the	  Totschunda	  fault	  in	  southeastern	  Alaska.	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Table	  2:	  	  Sample	  list.	  	  Intrusive	  ages	  determined	  using	  K-­‐Ar	  dating	  methods	  (Richter,	  1975).	  	  	  	  	  
Sample	   Lat/Long	   Elevation	  (m)	   Rock	  Type	  
Intrusive	  Age	  
(Richter	  and	  Preller,	  2005)	  
01TOT	   N	  62.26423	   1688	   Granodiorite	   Permian	  and	  Pennsylvanian	  
	  	   W	  142.52231	  
	  
	  	  
02TOT	   N	  62.27037	   1645	   Granodiorite	   Permian	  and	  Pennsylvanian	  
	  	   W	  142.54372	  
	  
	  	  
08TOT	   N	  62.24857	   1828	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.51443	  
	  
	  	  
11TOT	   N	  62.27223	   1847	   Granite	   Permian	  and	  Pennsylvanian	  
	  	   W	  142.50189	  
	  
	  	  
12TOT	   N	  62.28592	   1941	   Diorite	   Permian	  and	  Pennsylvanian	  
	  	   W	  142.52542	  
	  
	  	  
13TOT	   N	  62.24405	   1970	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.5274	  
	   	  
	  	  
15TOT	   N	  62.23932	   1877	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.53941	  
	  
	  	  
16TOT	   N	  62.23909	   1577	   Detrital	   Various	  
	  	   W	  142.49872	  
	  
	  	  
18TOT	   N	  62.23455	   1913	   Granitoid	   Mid-­‐Cretaceous	  
	  	   W	  142.55536	  
	  
	  	  
20TOT	   N	  62.2255	   2193	   Hypabyssal	   Miocene-­‐	  Oligocene	  
	  	   W	  142.4329	  
	   	  
	  	  
21TOT	   N	  62.25290	   1936	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.52852	  
	  
	  	  
23TOT	   N	  62.24762	   2259	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.54596	  
	  
	  	  
24TOT	   N	  62.26210	   1709	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.52942	  
	  
	  	  
25TOT	   N	  62.20358	   1583	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.43341	  
	  
	  	  
26TOT	   N	  62.20269	   1627	   Granite	   Mid-­‐Cretaceous	  
	  	   W	  142.43520	  
	  
	  	  
30TOT	   N	  62.265721	   1625	   Granitoid	   Permian	  and	  Pennsylvanian	  
	  	   W	  142.473131	  
	  
	  	  
31TOT	   N	  62.219343	   2464	   Granitoid	   Mid-­‐Cretaceous	  
	  	   W	  142.516282	  
	  
	  	  
39TOT	   N	  62.2255	   1350	   Granitoid	   Mid-­‐Cretaceous	  
	  	   W	  142.4329	  
	   	  
	  	  
40TOT	   N	  62.24405	   1329	   Granitoid	   Mid-­‐Cretaceous	  
	  	   W	  142.52740	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Figure	  1:	  	  Depiction	  of	  faulting	  in	  southeastern	  Alaska	  and	  associated	  tectonic	  processes.	  	  The	  study	  area	  is	  shown	  in	  the	  black	  box	  in	  the	  northeast	  corner	  of	  
the	  figure.	  	  The	  Yakutat	  slab	  is	  depicted	  in	  yellow,	  and	  the	  proposed	  connector	  fault	  is	  shown	  as	  a	  dashed	  line.	  	  The	  figure	  also	  shows	  the	  location	  of	  the	  
southern	  Alaska	  block	  in	  relation	  to	  the	  Yakutat	  microplate	  and	  the	  Pacific	  plate	  to	  the	  south.	  	  Modified	  from	  figure	  created	  by	  P.G.	  Fitzgerald,	  vectors	  and	  
faults	  modified	  from	  Haeussler,	  2008.	  	  Basemap	  was	  generated	  using	  GeoMapApp,	  http://www.geomapapp.org	  	  (Ryan	  et	  al.,	  2009).
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Figure	  2:	  	  Expanded	  3-­‐D	  topographic	  map	  visualizing	  the	  junction	  between	  the	  Denali	  and	  Totschunda	  
fault	  systems	  in	  southeastern	  Alaska.	  	  Important	  features	  include	  topography	  that	  is	  bounded	  by	  the	  
Denali	  fault	  in	  the	  Northern	  section	  of	  the	  figure.	  	  It	  is	  also	  important	  to	  note	  that	  the	  Totschunda	  fault	  
cuts	  through	  significantly	  high	  topography	  and	  volcanics	  in	  this	  region.	  	  Basemap	  modified	  using	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Figure	  3:	  	  2002	  Denali	  fault	  earthquake	  rupture	  map	  (after	  Haeussler,	  2009).	  	  Yellow	  indicates	  length	  of	  earthquake	  rupture.	  	  Inset	  shows	  location	  of	  fault	  in	  
southeastern	  Alaska.	  	  Red	  square	  indicates	  2002	  earthquake	  hypocenter	  (in	  the	  Susitna	  Glacier	  region).	  	  The	  study	  area	  is	  shown	  inside	  the	  transparent	  square.	  	  




Figure	  4:	  	  Topographic	  map	  depicting	  sample	  locations	  from	  this	  study	  along	  the	  Totschunda	  fault	  in	  southeast	  
Alaska.	  	  Red	  dots	  denote	  in-­‐situ	  samples.	  	  The	  yellow	  square	  denotes	  the	  detrital	  sample	  and	  blue	  represents	  
samples	  that	  have	  been	  dated	  using	  40Ar/	  39Ar.	  	  Green	  dots	  represent	  hypabyssal	  samples.	  	  http://www.usgs.gov.	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Figure	  5:	  	  Geologic	  map	  of	  the	  region.	  	  Major	  units	  include	  plutons	  and	  igneous	  rocks	  in	  red	  and	  purple	  
respectively.	  	  See	  attached	  legend	  on	  next	  page.	  	  All	  AFT	  ages	  and	  mean	  track	  lengths	  are	  listed	  along	  with	  the	  








Figure	  7:	  	  Totschunda	  fault	  and	  locations	  of	  most	  samples	  from	  the	  study.	  	  Cross	  section	  A-­‐A’	  depicted	  in	  yellow.	  	  Sample	  locations	  indicated	  by	  red	  























Figure	  8:	  	  Close-­‐up	  2D	  cross	  section	  running	  from	  A	  to	  A’	  (shown	  in	  Figure	  7).	  	  All	  horizontal	  transect	  and	  vertical	  profile	  samples	  have	  been	  plotted	  along	  
with	  their	  AFT	  cooling	  ages.	  	  Potential	  isochrons	  have	  been	  plotted	  in	  dashed	  lines	  along	  the	  cross	  section.	  	  Isochrons	  that	  are	  plotted	  closer	  together	  likely	  
indicate	  slower	  exhumation,	  as	  opposed	  to	  ones	  that	  are	  plotted	  further	  apart	  which	  likely	  indicate	  faster	  cooling	  and	  thus	  faster	  exhumation	  (i.e.	  25-­‐30	  
Ma,	  90-­‐100	  Ma).	  	  Some	  near-­‐fault	  and	  stepover	  samples	  have	  been	  plotted	  as	  well	  for	  reference.	  	  Clear	  squares	  represent	  samples	  extrapolated	  North	  for	  
the	  sake	  of	  this	  transect.	  	  Filled-­‐in	  red	  squares	  represent	  samples	  extrapolated	  south.	  	  Inset	  image	  is	  a	  birds-­‐eye	  view	  of	  the	  extrapolation.	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Figure	  9:	  	  Tectonic	  evolution	  of	  the	  Yakutat	  microplate	  over	  the	  last	  19.6	  million	  years.	  	  The	  blue	  arrows	  denote	  Pacific	  Plate	  motion	  vectors	  from	  25	  Ma.	  	  The	  
black	  vector	  arrows	  represent	  the	  change	  in	  motion	  of	  the	  Yakutat	  block	  over	  time.	  	  Figure	  adapted	  from	  Eberhart-­‐Phillips	  et	  al.,	  2006.
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Figure	  10:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  collected	  along	  the	  western	  side	  of	  the	  Totschunda	  fault.	  	  
Both	  samples	  are	  categorized	  as	  being	  near-­‐fault	  samples	  and	  both	  01TOT	  and	  02TOT	  show	  a	  distinct	  rapid	  cooling	  
event	  between	  30	  and	  25	  Ma.	  	  Grey	  shaded	  areas	  denote	  the	  temperature	  below	  which	  inverse	  thermal	  models	  
become	  ineffective	  when	  analyzing	  the	  AFT	  data	  (120	  ˚C).	  	  Squares	  represent	  constraints	  used	  to	  properly	  run	  




Figure	  11:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  collected	  along	  western	  side	  of	  the	  Totschunda	  fault,	  inside	  
the	  step-­‐over.	  	  All	  three	  of	  the	  samples	  from	  this	  sampling	  site	  exhibited	  older	  and	  earlier	  cooling	  events.	  	  Squares	  






Figure	  12:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  collected	  along	  the	  horizontal	  transect	  moving	  away	  from	  
the	  Totschunda	  fault.	  	  Most	  of	  the	  samples	  exhibit	  later	  cooling	  events	  in	  sequential	  order	  aside	  from	  18TOT,	  
which	  exhibits	  a	  younger	  10	  Ma	  event.	  	  Squares	  represent	  constraints	  used	  to	  properly	  run	  HeFTy	  thermal	  models.	  	  





Figure	  13:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  collected	  at	  increasing	  elevations	  moving	  away	  from	  the	  
Totschunda	  fault.	  	  Little	  to	  no	  trends	  persist	  in	  this	  particular	  data	  set	  aside	  from	  increasing	  cooling	  ages	  with	  
elevation.	  	  Not	  enough	  samples	  were	  taken	  to	  constitute	  an	  actual,	  full	  vertical	  profile.	  	  Squares	  represent	  




Figure	  14:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  collected	  along	  the	  southern	  and	  northern	  portions	  of	  the	  
study	  area.	  	  These	  4	  samples	  exhibit	  a	  distinct	  cooling	  event	  at	  ~80	  Ma,	  though	  some	  exhibit	  more	  strongly	  than	  
the	  others.	  	  Squares	  represent	  constraints	  used	  to	  properly	  run	  HeFTy	  thermal	  models.	  	  Green	  dots	  represent	  AFT	  




Figure	  15:	  	  HeFTy	  inverse	  modeling	  data	  from	  samples	  20TOT	  and	  31TOT.	  	  20TOT	  was	  collected	  at	  the	  furthest	  point	  
from	  the	  Totschunda	  fault.	  	  	  The	  sample	  had	  a	  young	  AFT	  age	  at	  ~20	  Ma	  and	  young	  cooling	  events	  at	  the	  same	  time.	  	  





Figure	  16:	  	  Compiled	  histogram	  plots	  for	  all	  in-­‐situ	  samples	  collected	  and	  analyzed	  as	  a	  part	  of	  this	  study.	  	  N	  =	  
number	  of	  tracks	  (normalized	  to	  100).	  
	   	  



















24.5 ± 2.3 Ma (1σ)









































































































Figure	  17:	  	  Compiled	  histogram	  plots	  for	  all	  in-­‐situ	  samples	  collected	  and	  analyzed	  as	  a	  part	  of	  this	  study.	  	  N	  =	  
number	  of	  tracks	  (normalized	  to	  100).	  





























































































































Figure	  18:	  	  Compiled	  histogram	  plots	  for	  all	  in-­‐situ	  samples	  collected	  and	  analyzed	  as	  a	  part	  of	  this	  study.	  	  N	  =	  
number	  of	  tracks	  (normalized	  to	  100).	  
































































































































Figure	  19:	  	  Track	  length	  histograms	  plotted	  on	  corresponding	  sample	  locations.	  	  Basemap	  generated	  using	  ArcGIS	  from	  
the	  USGS	  database.	  	  http://www.USGS.gov.	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Figure	  20:	  	  Probability-­‐Density	  plot	  created	  using	  the	  program	  BinomFit	  (Brandon,	  1996).	  	  This	  figure	  shows	  the	  
distribution	  of	  AFT	  grain	  ages.	  	  The	  program	  BinomFit	  determined	  the	  number	  of	  grain	  age	  population	  and	  the	  
probability	  of	  each	  population.	  	  This	  figure	  contains	  best-­‐fit	  age	  peaks	  associated	  with	  AFT	  grain	  ages	  dated	  from	  
the	  detrital	  sample	  16TOT.	  	  Below	  features	  a	  break-­‐down	  of	  data	  collected	  for	  sample	  16TOT,	  including	  the	  three	  
age	  peaks	  and	  associated	  probabilities.	  	  110	  grains	  were	  counted	  for	  this	  sample.	  	  There	  were	  no	  removed	  grains.	  	  
105	  degrees	  of	  freedom	  for	  fit.	  	  Chi	  squared	  value	  for	  best	  fit	  was	  109.401.	  	  Reduced	  chi	  squared	  value	  was	  1.042.	  	  
Probability	  density	  plots	  are	  calculated	  by	  summing	  a	  number	  of	  Gaussian	  distributions	  whose	  means	  and	  STD	  
correspond	  to	  the	  individual	  grain	  ages	  (Vermeesch,	  2012).	  	  	  	  	  
	  
	  
Peak	  (Ma)	   95%CL	   Frac.	  %	   SE	  %	   Count	   	  
31.5	   -­‐6…+7.4	   38.2	   8.2	   42.0	  
76.6	   -­‐13.7…+16.6	   53.8	   9.0	   59.2	  
163.8	   -­‐68.4…+116.6	   8.0	   6.2	   8.8	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Figure	  21:	  	  Kernel	  density	  plot	  for	  sample	  16TOT	  generated	  using	  the	  program	  DensityPlotter	  (Vermeesch,	  2012).	  	  
The	  plot	  shows	  the	  distribution	  of	  single	  grain	  AFT	  ages	  for	  all	  110	  grains	  measured	  from	  the	  detrital	  sample.	  	  The	  
number	  of	  age	  peaks	  was	  determined	  in	  BinomFit	  (Figure	  20)	  and	  were	  used	  to	  generate	  this	  plot	  and	  the	  relative	  
probabilities	  of	  the	  three	  age	  peaks	  displayed.	  	  The	  difference	  between	  a	  kernel	  density	  estimation	  and	  a	  
probability	  density	  plot	  estimation	  is	  that	  the	  standard	  deviation	  for	  the	  kernel	  estimation	  is	  determined	  by	  local	  
probability	  density,	  as	  opposed	  to	  analytical	  precision.	  	  This	  method	  does	  not	  take	  into	  account	  the	  analytical	  
uncertainties	  that	  a	  PD	  analysis	  does	  (Vermeesch,	  2012).	  
Ma
















Figure	  22:	  	  Plot	  of	  AFT	  age	  data	  versus	  sample	  elevation.	  	  Red	  data	  points	  represent	  samples	  from	  the	  eastern	  side	  
of	  the	  Totschunda	  fault.	  	  Blue	  data	  points	  represent	  those	  found	  on	  the	  western	  side.	  	  The	  Green	  data	  point	  
represents	  the	  hypabyssal	  sample	  (20TOT).	  	  All	  points	  plotted	  with	  1σ	  error	  bars.	  
	  
	  
Figure	  23:	  	  Plot	  of	  AFT	  age	  data	  versus	  mean	  track	  length	  data	  collected	  from	  each	  sample	  in	  the	  study.	  	  Red	  data	  
points	  represent	  samples	  from	  the	  eastern	  side	  of	  the	  Totschunda	  fault.	  	  Blue	  data	  points	  represent	  those	  found	  on	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  51	  
	  
Figure	  24:	  Plot	  of	  AFT	  age	  data	  versus	  the	  horizontal	  distance	  from	  the	  Totschunda	  fault.	  	  Each	  point	  represents	  a	  
single	  sample	  with	  1σ	  error	  bars.	  
	  
	  
Figure	  25:	  	  Plot	  of	  mean	  track	  length	  data	  versus	  horizontal	  distance	  from	  the	  Totschunda	  fault.	  	  Each	  point	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Distance	  From	  Fault	  (km)	  
Mean	  Track	  Length	  vs.	  Horizontal	  Distance	  from	  
the	  Totschunda	  Fault	  
	  52	  
	  
Figure	  26:	  	  Elevation	  profile	  showing	  the	  vertical	  profile	  and	  how	  AFT	  ages	  change	  with	  increasing	  elevation.	  	  
Profile	  order	  is	  01TOT,	  24TOT,	  21TOT	  and	  23TOT	  in	  increasing	  elevation	  (shown	  in	  Figure	  7).	  	  Each	  point	  





















Figure	  27:	  	  Simplified	  colored	  age	  contours	  showing	  decreasing	  exhumation	  west	  of	  the	  Totschunda	  fault.	  	  AFT	  
ages	  increase	  with	  each	  color	  in	  the	  band	  from	  yellow	  to	  purple,	  showing	  a	  trend	  of	  decreasing	  exhumation	  





Figure	  28:	  Thermal	  history	  and	  summary	  diagram	  of	  rocks	  adjacent	  to	  the	  Totschunda	  fault.	  	  Events	  at	  1)	  90-­‐	  80	  
Ma.	  	  2)	  55-­‐	  45	  Ma.	  	  3)	  30-­‐	  25	  Ma.	  	  4)	  	  ~10	  Ma	  are	  all	  depicted	  for	  both	  near	  fault	  samples	  (i.e.	  01TOT	  and	  02TOT)	  





Figure	  29:	  	  Figure	  showing	  several	  of	  the	  possible	  structural	  features	  that	  could	  be	  present	  at	  this	  section	  of	  the	  
Totschunda	  fault.	  	  Modified	  from	  Cunningham	  and	  Mann,	  2007.	  	  
	   56	  
	  
Figure	  30:	  	  Tectonic	  summary	  map	  of	  the	  southern	  Alaskan	  margin	  depicting	  the	  state	  of	  various	  strike-­‐slip	  fault	  prior	  to	  ca.	  25-­‐	  30	  Ma	  and	  at	  present	  day.	  	  Also	  
represented	  is	  the	  gradual	  evolution	  and	  movement	  of	  the	  Yakutat	  slab	  as	  it	  accretes	  with	  and	  eventually	  subducts	  under	  the	  southern	  Alaskan	  Margin.	  	  The	  
figure	  also	  depicts	  the	  change	  in	  Pacific	  plate	  motion	  relative	  to	  the	  North	  American	  plate.	  	  DF,	  TF	  and	  CF	  stand	  for	  the	  Denali	  fault,	  Totschunda	  fault	  and	  




Figure	  31:	  	  Hillshade	  map	  depicting	  several	  samples	  from	  the	  study	  along	  with	  the	  delineation	  of	  the	  watershed	  
(Green)	  associated	  with	  the	  tributary	  of	  Notch	  Creek.	  	  The	  red	  lines	  denote	  the	  two	  strands	  of	  the	  Totschunda	  fault	  













Figure	  32:	  	  Geologic	  map	  with	  delineation	  of	  the	  watershed	  (Black)	  associated	  with	  Notch	  Creek	  and	  the	  detrital	  
sample	  from	  this	  study.	  	  Also	  shown	  are	  several	  samples	  from	  the	  study,	  including	  15TOT,	  18TOT	  and	  20TOT	  within	  








Appendix	  A:	  	  Zeta	  Calculation	  Data	  
	  
	  
Fission	  track	  counting	  data,	  individual	  zeta	  (ζ)	  determinations	  and	  SWMZ-­‐values	  for	  age	  standard	  
apatites	   	  	  














P(χ2)	  %	   Zeta	  
Fish	  Canyon	  Tuff	  (27.9	  ±	  0.7	  Ma)	   	  	   	  	   	  	   	  	   	  	  
UA009-­‐2Z	   25	   1.72	   0.193	   2.018	   92.7	   341.7	  ±	  24	  
UA011-­‐1Z	   25	   1.73	   0.1816	   2.086	   23.15	   367.9	  ±	  24	  
UA013-­‐1Z	   25	   1.96	   0.1976	   2.402	   64.78	   345.5	  ±	  24	  
	  	   	  	   	  	   	  	   	  	   SMWZ=	  351	  ±	  27	  
Durango	  (31.4	  ±	  0.5	  Ma)	   	  	   	  	   	  	   	  	   	  	   	  	  
UA009-­‐1Z	   25	   1.71	   0.1989	   1.939	   65.71	   358.8	  ±	  26	  
UA009-­‐11Z	   25	   1.8	   0.2024	   2.021	   67.84	   349.2	  ±	  24	  
UA009-­‐12Z	   25	   1.81	   0.1864	   2.21	   96.31	   412.4	  ±	  30	  
UA009-­‐13Z	   25	   1.82	   0.1907	   2.121	   99.15	   384.7	  ±	  27	  
	  	   	  	   	  	   	  	   	  	   SMWZ=	  373	  ±	  26	  
Mt	  Dromedary	  (98.7	  ±	  
1.1	  Ma)	   	  	   	  	   	  	   	  	   	  	   	  	  
UA009-­‐3Z	   25	   1.73	   0.774	   2.766	   0	   397.7	  ±	  22	  
UA009-­‐4Z	   25	   1.73	   0.7622	   2.49	   89.07	   373.5	  ±	  27	  
UA011-­‐4Z	   25	   1.74	   0.8048	   2.482	   71.65	   352.6	  ±	  26	  
UA011-­‐5Z	   25	   1.75	   0.8897	   2.857	   44.9	   365.0	  ±	  24	  
	  	   	  	   	  	   	  	   	  	   SMWZ=	  374	  ±	  25	  
	  	   	  	   	  	   	  	   	  	   OWMZ	  =	  368	  ±	  15	  
	  60	  
	  
Repeated	  determinations	  of	  ζ	  for	  apatite	  age	  standards	  Fish	  Canyon	  Tuff,	  Durango	  and	  Mt.	  Dromedary.	  	  Error	  bars	  
are	  1σ.	  	  The	  weighted	  mean	  of	  all	  determinations	  for	  each	  age	  standard	  (sample	  weighted	  mean	  zeta,	  SWMZ)	  is	  





















Appendix	  B:	  	  AFT	  Raw	  Data	  
Data from sample 01TOT 
Irradiation Number SU48-1,  Counted by: Ed Milde 
The mineral is: Apatite 
Elevation:  1688 m ,  Location: N	  62.26423 : W	  142.52231	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 8 77 80 0.104 13.8 1.555e5 1.496e6 25.8 ± 9.6 
2 15 89 100 0.169 12.8 2.332e5 1.384e6 41.8 ± 11.8 
3 16 117 80 0.137 21.0 3.109e5 2.274e6 33.9 ± 9.2 
4 8 72 80 0.111 12.9 1.555e5 1.399e6 27.6 ± 10.3 
5 6 46 90 0.13 7.3 1.036e5 0.795e6 32.4 ± 14.1 
6 8 125 100 0.064 18.0 1.244e5 1.943e6 15.9 ± 5.8 
7 11 146 80 0.075 26.2 2.138e5 2.837e6 18.7 ± 5.9 
8 6 104 90 0.058 16.6 1.036e5 1.797e6 14.3 ± 6.1 
9 8 94 80 0.085 16.9 1.555e5 1.827e6 21.1 ± 7.8 
10 5 85 100 0.059 12.2 0.777e5 1.322e6 14.6 ± 6.8 
11 7 52 100 0.135 7.5 1.088e5 0.808e6 33.4 ± 13.5 
12 19 191 100 0.099 27.5 2.954e5 2.97e6 24.7 ± 6.0 
13 7 112 100 0.063 16.1 1.088e5 1.741e6 15.5 ± 6.1 
14 9 84 70 0.107 17.2 1.999e5 1.866e6 26.6 ± 9.4 
15 11 114 100 0.096 16.4 1.71e5 1.772e6 24.0 ± 7.6 
16 6 136 100 0.044 19.5 0.933e5 2.114e6 11.0 ± 4.6 
17 5 77 90 0.065 12.3 0.864e5 1.33e6 16.1 ± 7.5 
18 15 136 80 0.11 24.4 2.915e5 2.643e6 27.4 ± 7.5 
19 19 141 80 0.135 25.3 3.692e5 2.74e6 33.4 ± 8.3 
20 13 95 80 0.137 17.1 2.526e5 1.846e6 34.0 ± 10.1 
21 9 161 80 0.056 28.9 1.749e5 3.129e6 13.9 ± 4.8 
22 2 13 100 0.154 1.9 0.311e5 0.202e6 38.2 ± 29.0 
23 17 51 60 0.333 12.2 4.405e5 1.322e6 82.4 ± 23.3 
24 7 117 64 0.06 26.3 1.7e5 2.842e6 14.9 ± 5.8 
25 12 159 80 0.075 28.6 2.332e5 3.09e6 18.7 ± 5.7 
______________________________________________________________ 
 249 2594 2164  17.2 1.789e5 1.864e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 24.463 with 24 degrees of freedom. 
P(chi square) = 0.19% 
 
Ns/Ni = 0.096 ± 0.0060 
Mean Ratio = 0.106 ± 0.012 
 
Pooled Age = 23.8 ± 1.9 Ma 
Mean Age = 26.4 ± 2.9 Ma 
Central Age = 24.5 ± 2.3 Ma 
% Variation = 31.3% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 

























Central age = 24.4 ± 2.3 Ma (1σ)
Dispersion = 31 %
P(χ²) = 0.00
Peak 1: 22.6±1.8Ma (95.8±4.1%)













































Data from sample 02TOT 
Irradiation Number SU48-2,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1645 m ,  Location: N	  62.27037	  : W	  142.54372	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 10 100 80 0.1 18.0 1.943e5 1.943e6 24.8 ± 8.3 
2 8 92 80 0.087 16.5 1.555e5 1.788e6 21.6 ± 8.0 
3 11 102 81 0.108 18.1 2.111e5 1.958e6 26.8 ± 8.6 
4 10 122 100 0.082 17.5 1.555e5 1.897e6 20.4 ± 6.8 
5 3 64 80 0.047 11.5 0.583e5 1.244e6 11.7 ± 6.9 
6 5 47 80 0.106 8.4 0.972e5 0.913e6 26.4 ± 12.5 
7 7 91 60 0.077 21.8 1.814e5 2.358e6 19.1 ± 7.5 
8 27 196 80 0.138 35.2 5.247e5 3.809e6 34.2 ± 7.2 
9 8 112 64 0.071 25.2 1.943e5 2.721e6 17.7 ± 6.5 
10 7 108 80 0.065 19.4 1.36e5 2.099e6 16.1 ± 6.3 
11 19 213 80 0.089 38.3 3.692e5 4.139e6 22.2 ± 5.4 
12 11 134 80 0.082 24.1 2.138e5 2.604e6 20.4 ± 6.5 
13 2 64 100 0.031 9.2 0.311e5 0.995e6 7.8 ± 5.6 
14 5 52 100 0.096 7.5 0.777e5 0.808e6 23.9 ± 11.2 
15 9 101 70 0.089 20.7 1.999e5 2.243e6 22.1 ± 7.8 
16 9 103 70 0.087 21.2 1.999e5 2.288e6 21.7 ± 7.6 
17 12 97 60 0.124 23.2 3.109e5 2.513e6 30.7 ± 9.5 
18 8 140 80 0.057 25.2 1.555e5 2.721e6 14.2 ± 5.2 
19 16 136 100 0.118 19.5 2.488e5 2.114e6 29.2 ± 7.8 
20 12 96 80 0.125 17.2 2.332e5 1.866e6 31.0 ± 9.6 
21 16 98 50 0.163 28.2 4.975e5 3.047e6 40.5 ± 11.1 
22 15 118 80 0.127 21.2 2.915e5 2.293e6 31.5 ± 8.8 
23 11 114 80 0.096 20.5 2.138e5 2.215e6 24.0 ± 7.6 
24 8 136 80 0.059 24.4 1.555e5 2.643e6 14.6 ± 5.4 
25 16 143 60 0.112 34.3 4.146e5 3.705e6 27.8 ± 7.4 
______________________________________________________________ 
 265 2779 1955  20.4 2.107e5 2.21e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.892 with 24 degrees of freedom. 
P(chi square) = 59.22% 
 
Ns/Ni = 0.095 ± 0.0060 
Mean Ratio = 0.093 ± 0.0060 
 
Pooled Age = 23.7 ± 1.8 Ma 
Mean Age = 23.2 ± 1.5 Ma 
Central Age = 23.7 ± 1.6 Ma 
% Variation = 0.19% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 





















Central age = 23.8 ± 1.5 Ma (1σ)
Dispersion = 0 %
P(χ²) = 0.59















































Data from sample 08TOT 
Irradiation Number SU48-4,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1828 m ,  Location: N	  62.24857 : W	  142.51443	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 22 252 80 0.087 44.6 4.275e5 4.897e6 22.0 ± 5.0 
2 18 173 80 0.104 30.6 3.498e5 3.362e6 26.3 ± 6.6 
3 17 147 80 0.116 26.0 3.304e5 2.857e6 29.2 ± 7.6 
4 9 109 80 0.083 19.3 1.749e5 2.118e6 20.8 ± 7.3 
5 28 303 90 0.092 47.6 4.837e5 5.234e6 23.3 ± 4.7 
6 42 297 100 0.141 42.0 6.53e5 4.618e6 35.7 ± 6.1 
7 8 60 80 0.133 10.6 1.555e5 1.166e6 33.6 ± 12.7 
8 21 136 80 0.154 24.0 4.081e5 2.643e6 38.9 ± 9.3 
9 8 86 50 0.093 24.3 2.488e5 2.674e6 23.5 ± 8.7 
10 24 123 80 0.195 21.7 4.664e5 2.39e6 49.1 ± 11.2 
11 10 96 80 0.104 17.0 1.943e5 1.866e6 26.3 ± 8.8 
12 15 94 100 0.16 13.3 2.332e5 1.461e6 40.2 ± 11.3 
13 5 53 70 0.094 10.7 1.111e5 1.177e6 23.8 ± 11.2 
14 9 57 80 0.158 10.1 1.749e5 1.108e6 39.8 ± 14.4 
15 13 91 90 0.143 14.3 2.246e5 1.572e6 36.0 ± 10.8 
16 3 24 30 0.125 11.3 1.555e5 1.244e6 31.5 ± 19.4 
17 8 120 100 0.067 17.0 1.244e5 1.866e6 16.8 ± 6.2 
18 10 57 90 0.175 9.0 1.727e5 0.985e6 44.2 ± 15.3 
19 10 77 100 0.13 10.9 1.555e5 1.197e6 32.7 ± 11.1 
20 25 215 70 0.116 43.4 5.553e5 4.775e6 29.3 ± 6.3 
21 7 51 80 0.137 9.0 1.36e5 0.991e6 34.6 ± 14.0 
22 6 44 64 0.136 9.7 1.458e5 1.069e6 34.4 ± 15.0 
23 7 66 80 0.106 11.7 1.36e5 1.283e6 26.8 ± 10.7 
24 9 51 64 0.176 11.3 2.186e5 1.239e6 44.5 ± 16.2 
25 8 51 50 0.157 14.4 2.488e5 1.586e6 39.5 ± 15.1 
______________________________________________________________ 
 342 2833 1948  20.6 2.73e5 2.261e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.586 with 24 degrees of freedom. 
P(chi square) = 62.85% 
 
Ns/Ni = 0.121 ± 0.0070 
Mean Ratio = 0.127 ± 0.0070 
 
Pooled Age = 30.4 ± 2.2 Ma 
Mean Age = 32.1 ± 1.7 Ma 
Central Age = 30.5 ± 1.9 Ma 
% Variation = 5.94% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 


















Central age = 30.4 ± 1.8 Ma (1σ)
Dispersion = 5.9 %
P(χ²) = 0.63
















































Data from sample 11TOT 
Irradiation Number SU48-6,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1847 m ,  Location: N	  62.27223	  :	  W	  142.50189	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 39 53 90 0.736 8.2 6.737e5 0.916e6 185.4 ± 39.9 
2 51 47 100 1.085 6.6 7.929e5 0.731e6 271.5 ± 56.2 
3 32 45 80 0.711 7.9 6.219e5 0.875e6 179.2 ± 42.2 
4 22 50 100 0.44 7.0 3.42e5 0.777e6 111.5 ± 28.9 
5 31 40 100 0.775 5.6 4.82e5 0.622e6 195.1 ± 47.4 
6 23 50 80 0.46 8.7 4.47e5 0.972e6 116.5 ± 29.8 
7 28 36 100 0.778 5.0 4.353e5 0.56e6 195.8 ± 50.1 
8 12 35 70 0.343 7.0 2.665e5 0.777e6 87.0 ± 29.4 
9 22 37 90 0.595 5.8 3.8e5 0.639e6 150.2 ± 41.0 
10 26 33 100 0.788 4.6 4.042e5 0.513e6 198.3 ± 52.7 
11 23 31 70 0.742 6.2 5.108e5 0.689e6 186.9 ± 52.1 
12 23 47 80 0.489 8.2 4.47e5 0.913e6 123.9 ± 32.0 
13 22 31 80 0.71 5.4 4.275e5 0.602e6 178.9 ± 50.5 
14 19 43 100 0.442 6.0 2.954e5 0.669e6 112.0 ± 31.2 
15 22 39 80 0.564 6.8 4.275e5 0.758e6 142.6 ± 38.5 
16 23 48 100 0.479 6.7 3.576e5 0.746e6 121.3 ± 31.2 
17 17 36 70 0.472 7.2 3.776e5 0.8e6 119.6 ± 35.6 
18 20 40 100 0.5 5.6 3.109e5 0.622e6 126.5 ± 35.1 
19 24 51 80 0.471 8.9 4.664e5 0.991e6 119.2 ± 29.9 
20 28 57 100 0.491 8.0 4.353e5 0.886e6 124.3 ± 29.2 
21 16 49 100 0.327 6.9 2.488e5 0.762e6 82.9 ± 24.1 
22 25 43 100 0.581 6.0 3.887e5 0.669e6 146.9 ± 37.5 
23 23 55 90 0.418 8.6 3.973e5 0.95e6 106.0 ± 26.7 
24 22 40 100 0.55 5.6 3.42e5 0.622e6 139.1 ± 37.4 
25 22 51 80 0.431 8.9 4.275e5 0.991e6 109.3 ± 28.3 
______________________________________________________________ 
 615 1087 2240  6.8 4.269e5 0.754e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 16.665 with 24 degrees of freedom. 
P(chi square) = 9.73% 
 
Ns/Ni = 0.566 ± 0.029 
Mean Ratio = 0.575 ± 0.035 
 
Pooled Age = 143.0 ± 9.5 Ma 
Mean Age = 145.3 ± 8.7 Ma 
Central Age = 142.3 ± 8.8 Ma 
% Variation = 15.85% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 






















Central age = 142.4 ± 8.5 Ma (1σ)
Dispersion = 16 %
P(χ²) = 0.10
Peak 1: 132±16Ma (84±31%)















































Data from sample 12TOT 
Irradiation Number SU48-8,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1941 m,  Location: N	  62.28592	  : W	  142.52542	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 3 6 12 0.5 6.9 3.887e5 0.777e6 127.9 ± 90.6 
2 6 12 80 0.5 2.1 1.166e5 0.233e6 127.9 ± 64.2 
3 7 13 64 0.538 2.8 1.7e5 0.316e6 137.6 ± 64.8 
4 10 15 70 0.667 3.0 2.221e5 0.333e6 170.0 ± 69.8 
5 6 12 50 0.5 3.3 1.866e5 0.373e6 127.9 ± 64.2 
6 9 15 36 0.6 5.8 3.887e5 0.648e6 153.2 ± 64.9 
7 8 14 36 0.571 5.4 3.455e5 0.605e6 146.0 ± 65.0 
8 10 14 80 0.714 2.4 1.943e5 0.272e6 181.9 ± 75.7 
9 10 8 60 1.25 1.8 2.591e5 0.207e6 315.1 ± 150.1 
10 9 10 100 0.9 1.4 1.399e5 0.155e6 228.4 ± 105.4 
11 8 13 100 0.615 1.8 1.244e5 0.202e6 157.0 ± 70.9 
12 11 13 80 0.846 2.2 2.138e5 0.253e6 215.0 ± 88.6 
13 1 5 35 0.2 2.0 0.444e5 0.222e6 51.5 ± 56.4 
14 5 14 40 0.357 4.8 1.943e5 0.544e6 91.6 ± 47.9 
15 2 18 60 0.111 4.2 0.518e5 0.466e6 28.6 ± 21.4 
16 2 14 50 0.143 3.9 0.622e5 0.435e6 36.8 ± 27.9 
17 5 14 40 0.357 4.8 1.943e5 0.544e6 91.6 ± 47.9 
18 1 2 15 0.5 1.8 1.036e5 0.207e6 127.9 ± 156.7 
19 7 12 64 0.583 2.6 1.7e5 0.292e6 149.0 ± 71.1 
20 6 8 60 0.75 1.8 1.555e5 0.207e6 190.9 ± 103.4 
21 4 7 80 0.571 1.2 0.777e5 0.136e6 146.0 ± 91.7 
22 8 6 50 1.333 1.7 2.488e5 0.187e6 335.6 ± 181.8 
23 7 12 80 0.583 2.1 1.36e5 0.233e6 149.0 ± 71.1 
24 1 2 9 0.5 3.1 1.727e5 0.345e6 127.9 ± 156.7 
25 4 6 25 0.667 3.3 2.488e5 0.373e6 170.0 ± 110.0 
______________________________________________________________ 
 150 265 1376  2.7 1.695e5 0.299e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 10.533 with 24 degrees of freedom. 
P(chi square) = 63.48% 
 
Ns/Ni = 0.566 ± 0.058 
Mean Ratio = 0.594 ± 0.057 
 
Pooled Age = 144.6 ± 16.1 Ma 
Mean Age = 151.7 ± 14.3 Ma 
Central Age = 144.6 ± 14.9 Ma 
% Variation = 0.05% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 


















Central age = 143 ± 15 Ma (1σ)
Dispersion = 0 %
P(χ²) = 0.63
Peak 1: 38±31Ma (6.2±7.7%)














































Data from sample 13TOT 
Irradiation Number SU48-10,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:1970 m,  Location: N	  62.24405	  : W	  142.5274	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 6 43 70 0.14 8.4 1.333e5 0.955e6 36.3 ± 15.9 
2 5 47 70 0.106 9.2 1.111e5 1.044e6 27.7 ± 13.1 
3 6 45 80 0.133 7.7 1.166e5 0.875e6 34.7 ± 15.2 
4 8 34 80 0.235 5.8 1.555e5 0.661e6 61.1 ± 24.2 
5 13 48 90 0.271 7.3 2.246e5 0.829e6 70.3 ± 22.2 
6 9 73 70 0.123 14.3 1.999e5 1.621e6 32.1 ± 11.4 
7 7 25 40 0.28 8.6 2.721e5 0.972e6 72.7 ± 31.2 
8 8 63 60 0.127 14.4 2.073e5 1.632e6 33.1 ± 12.5 
9 12 52 80 0.231 8.9 2.332e5 1.011e6 60.0 ± 19.4 
10 5 27 60 0.185 6.2 1.296e5 0.7e6 48.2 ± 23.5 
11 13 45 80 0.289 7.7 2.526e5 0.875e6 75.0 ± 23.8 
12 10 51 90 0.196 7.8 1.727e5 0.881e6 51.0 ± 17.8 
13 4 32 60 0.125 7.3 1.036e5 0.829e6 32.6 ± 17.3 
14 7 49 100 0.143 6.7 1.088e5 0.762e6 37.2 ± 15.1 
15 14 66 80 0.212 11.3 2.721e5 1.283e6 55.1 ± 16.4 
16 8 70 90 0.114 10.7 1.382e5 1.209e6 29.8 ± 11.2 
17 7 54 64 0.13 11.6 1.7e5 1.312e6 33.8 ± 13.6 
18 8 70 80 0.114 12.0 1.555e5 1.36e6 29.8 ± 11.2 
19 8 38 80 0.211 6.5 1.555e5 0.738e6 54.7 ± 21.4 
20 12 139 80 0.086 23.8 2.332e5 2.701e6 22.5 ± 6.8 
21 2 21 60 0.095 4.8 0.518e5 0.544e6 24.8 ± 18.4 
22 6 33 64 0.182 7.1 1.458e5 0.802e6 47.3 ± 21.1 
23 10 43 80 0.233 7.4 1.943e5 0.836e6 60.4 ± 21.4 
24 14 72 80 0.194 12.3 2.721e5 1.399e6 50.6 ± 14.9 
25 9 49 80 0.184 8.4 1.749e5 0.952e6 47.8 ± 17.5 
______________________________________________________________ 
 211 1289 1868  9.5 1.756e5 1.073e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 11.408 with 24 degrees of freedom. 
P(chi square) = 53.07% 
 
Ns/Ni = 0.164 ± 0.012 
Mean Ratio = 0.174 ± 0.012 
 
Pooled Age = 42.6 ± 3.7 Ma 
Mean Age = 45.2 ± 3.1 Ma 
Central Age = 42.9 ± 3.4 Ma 
% Variation = 10.99% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 

















Central age = 43.2 ± 3.4 Ma (1σ)
Dispersion = 11 %
P(χ²) = 0.53
















































Data from sample 15TOT 
Irradiation Number SU48-13,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:1877 m,  Location:	  N	  62.23932	  : W	  142.53941	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 5 16 36 0.313 6.0 2.159e5 0.691e6 82.3 ± 42.3 
2 23 85 48 0.271 23.9 7.45e5 2.753e6 71.3 ± 17.1 
3 3 13 24 0.231 7.3 1.943e5 0.842e6 60.9 ± 39.1 
4 8 22 48 0.364 6.2 2.591e5 0.713e6 95.7 ± 39.7 
5 19 69 48 0.275 19.4 6.154e5 2.235e6 72.6 ± 19.1 
6 11 72 40 0.153 24.3 4.275e5 2.799e6 40.4 ± 13.2 
7 6 47 90 0.128 7.0 1.036e5 0.812e6 33.8 ± 14.7 
8 15 46 90 0.326 6.9 2.591e5 0.795e6 85.9 ± 25.8 
9 14 70 100 0.2 9.4 2.177e5 1.088e6 52.8 ± 15.6 
10 10 23 24 0.435 12.9 6.478e5 1.49e6 114.3 ± 43.6 
11 9 68 40 0.132 22.9 3.498e5 2.643e6 35.0 ± 12.5 
12 3 15 30 0.2 6.7 1.555e5 0.777e6 52.8 ± 33.5 
13 3 28 50 0.107 7.6 0.933e5 0.871e6 28.3 ± 17.3 
14 8 58 80 0.138 9.8 1.555e5 1.127e6 36.5 ± 13.8 
15 9 35 50 0.257 9.4 2.799e5 1.088e6 67.8 ± 25.5 
16 10 55 100 0.182 7.4 1.555e5 0.855e6 48.0 ± 16.6 
17 4 56 40 0.071 18.9 1.555e5 2.177e6 18.9 ± 9.8 
18 4 15 24 0.267 8.4 2.591e5 0.972e6 70.3 ± 39.7 
19 5 32 48 0.156 9.0 1.62e5 1.036e6 41.3 ± 19.9 
20 17 165 100 0.103 22.3 2.643e5 2.565e6 27.3 ± 7.0 
21 7 23 50 0.304 6.2 2.177e5 0.715e6 80.2 ± 34.8 
22 6 24 70 0.25 4.6 1.333e5 0.533e6 65.9 ± 30.2 
23 8 30 60 0.267 6.7 2.073e5 0.777e6 70.3 ± 28.1 
24 5 20 40 0.25 6.7 1.943e5 0.777e6 65.9 ± 33.1 
25 3 21 36 0.143 7.9 1.296e5 0.907e6 37.8 ± 23.4 
______________________________________________________________ 
 215 1108 1366  10.9 2.447e5 1.261e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 16.872 with 24 degrees of freedom. 
P(chi square) = 8.93% 
 
Ns/Ni = 0.194 ± 0.014 
Mean Ratio = 0.221 ± 0.018 
 
Pooled Age = 51.2 ± 4.4 Ma 
Mean Age = 58.3 ± 4.7 Ma 
Central Age = 53.2 ± 4.9 Ma 
% Variation = 24.11% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 





















Central age = 53.2 ± 4.9 Ma (1σ)
Dispersion = 24 %
P(χ²) = 0.09
Peak 1: 34.3±7.8Ma (32±25%)














































Data from sample 16TOT 
Irradiation Number SU48-14,  Counted by Ed Milde 
 The mineral is: Apatite 
Elevation: 1577 m,  Location: N	  62.23909: W	  142.49872	  
 
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 20 27 40 0.741 9.1 7.774e5 1.049e6 185.4 ± 54.9 
2 12 28 40 0.429 9.4 4.664e5 1.088e6 107.9 ± 37.3 
3 8 24 60 0.333 5.4 2.073e5 0.622e6 84.1 ± 34.4 
4 7 30 80 0.233 5.0 1.36e5 0.583e6 59.0 ± 24.8 
5 9 13 32 0.692 5.4 4.373e5 0.632e6 173.4 ± 75.3 
6 10 42 80 0.238 7.0 1.943e5 0.816e6 60.2 ± 21.2 
7 11 124 50 0.089 33.3 3.42e5 3.856e6 22.5 ± 7.1 
8 4 35 30 0.114 15.6 2.073e5 1.814e6 29.0 ± 15.3 
9 22 42 56 0.524 10.1 6.108e5 1.166e6 131.7 ± 34.8 
10 7 89 70 0.079 17.1 1.555e5 1.977e6 19.9 ± 7.8 
11 14 167 60 0.084 37.3 3.628e5 4.327e6 21.3 ± 5.9 
12 8 78 48 0.103 21.8 2.591e5 2.526e6 26.0 ± 9.7 
13 2 15 25 0.133 8.0 1.244e5 0.933e6 33.8 ± 25.4 
14 4 8 30 0.5 3.6 2.073e5 0.415e6 125.7 ± 77.1 
15 7 40 30 0.175 17.9 3.628e5 2.073e6 44.3 ± 18.2 
16 4 21 40 0.19 7.0 1.555e5 0.816e6 48.2 ± 26.3 
17 7 72 40 0.097 24.1 2.721e5 2.799e6 24.6 ± 9.8 
18 15 17 30 0.882 7.6 7.774e5 0.881e6 220.3 ± 78.2 
19 15 69 50 0.217 18.5 4.664e5 2.146e6 55.0 ± 15.7 
20 6 87 60 0.069 19.4 1.555e5 2.254e6 17.5 ± 7.4 
21 5 36 80 0.139 6.0 0.972e5 0.7e6 35.2 ± 16.8 
22 6 61 60 0.098 13.6 1.555e5 1.581e6 24.9 ± 10.7 
23 5 28 40 0.179 9.4 1.943e5 1.088e6 45.2 ± 22.0 
24 5 20 60 0.25 4.5 1.296e5 0.518e6 63.2 ± 31.6 
25 6 47 40 0.128 15.8 2.332e5 1.827e6 32.3 ± 14.0 
26 16 57 100 0.281 7.6 2.488e5 0.886e6 70.9 ± 20.1 
27 16 40 32 0.4 16.8 7.774e5 1.943e6 100.8 ± 29.9 
28 14 38 50 0.368 10.2 4.353e5 1.182e6 92.9 ± 29.1 
29 3 29 100 0.103 3.9 0.466e5 0.451e6 26.2 ± 15.9 
30 1 25 100 0.04 3.4 0.155e5 0.389e6 10.1 ± 10.4 
31 12 29 80 0.414 4.9 2.332e5 0.564e6 104.2 ± 35.9 
32 2 17 35 0.118 6.5 0.888e5 0.755e6 29.8 ± 22.3 
33 5 29 70 0.172 5.6 1.111e5 0.644e6 43.6 ± 21.2 
34 8 40 40 0.2 13.4 3.109e5 1.555e6 50.6 ± 19.6 
35 14 52 40 0.269 17.4 5.442e5 2.021e6 68.0 ± 20.5 
36 15 35 60 0.429 7.8 3.887e5 0.907e6 107.9 ± 33.4 
37 15 93 80 0.161 15.6 2.915e5 1.807e6 40.8 ± 11.4 
38 3 23 60 0.13 5.1 0.777e5 0.596e6 33.0 ± 20.3 
39 12 111 80 0.108 18.6 2.332e5 2.157e6 27.4 ± 8.3 
40 9 13 30 0.692 5.8 4.664e5 0.674e6 173.4 ± 75.3 
41 11 24 60 0.458 5.4 2.85e5 0.622e6 115.3 ± 42.1 
42 3 35 40 0.086 11.7 1.166e5 1.36e6 21.7 ± 13.1 
43 8 39 40 0.205 13.1 3.109e5 1.516e6 51.9 ± 20.2 
44 37 112 60 0.33 25.0 9.587e5 2.902e6 83.3 ± 15.9 
45 13 14 40 0.929 4.7 5.053e5 0.544e6 231.6 ± 89.4 
46 3 23 40 0.13 7.7 1.166e5 0.894e6 33.0 ± 20.3 
47 5 19 30 0.263 8.5 2.591e5 0.985e6 66.5 ± 33.5 
48 11 45 40 0.244 15.1 4.275e5 1.749e6 61.8 ± 20.8 
	  83	  
49 6 25 30 0.24 11.2 3.109e5 1.296e6 60.7 ± 27.6 
50 12 56 80 0.214 9.4 2.332e5 1.088e6 54.2 ± 17.3 
51 14 35 90 0.4 5.2 2.418e5 0.605e6 100.8 ± 32.0 
52 5 35 60 0.143 7.8 1.296e5 0.907e6 36.2 ± 17.3 
53 10 13 30 0.769 5.8 5.182e5 0.674e6 192.4 ± 81.1 
54 9 16 40 0.563 5.4 3.498e5 0.622e6 141.3 ± 59.0 
55 8 68 40 0.118 22.8 3.109e5 2.643e6 29.8 ± 11.2 
56 11 19 50 0.579 5.1 3.42e5 0.591e6 145.4 ± 55.2 
57 11 33 80 0.333 5.5 2.138e5 0.641e6 84.1 ± 29.3 
58 6 24 20 0.25 16.1 4.664e5 1.866e6 63.2 ± 28.9 
59 7 20 40 0.35 6.7 2.721e5 0.777e6 88.3 ± 38.8 
60 25 97 50 0.258 26.0 7.774e5 3.016e6 65.1 ± 14.7 
61 2 31 100 0.065 4.2 0.311e5 0.482e6 16.4 ± 11.9 
62 15 35 50 0.429 9.4 4.664e5 1.088e6 107.9 ± 33.4 
63 4 49 30 0.082 21.9 2.073e5 2.539e6 20.7 ± 10.8 
64 6 35 40 0.171 11.7 2.332e5 1.36e6 43.4 ± 19.2 
65 4 24 80 0.167 4.0 0.777e5 0.466e6 42.2 ± 22.8 
66 13 51 60 0.255 11.4 3.369e5 1.322e6 64.4 ± 20.1 
67 9 23 50 0.391 6.2 2.799e5 0.715e6 98.6 ± 38.8 
68 8 22 60 0.364 4.9 2.073e5 0.57e6 91.7 ± 37.9 
69 4 12 30 0.333 5.4 2.073e5 0.622e6 84.1 ± 48.6 
70 8 82 50 0.098 22.0 2.488e5 2.55e6 24.7 ± 9.2 
71 5 18 32 0.278 7.5 2.429e5 0.875e6 70.2 ± 35.5 
72 7 23 40 0.304 7.7 2.721e5 0.894e6 76.8 ± 33.2 
73 12 50 48 0.24 14.0 3.887e5 1.62e6 60.7 ± 19.6 
74 8 25 100 0.32 3.4 1.244e5 0.389e6 80.8 ± 32.9 
75 3 11 50 0.273 3.0 0.933e5 0.342e6 68.9 ± 44.9 
76 19 90 60 0.211 20.1 4.923e5 2.332e6 53.4 ± 13.5 
77 5 19 100 0.263 2.5 0.777e5 0.295e6 66.5 ± 33.5 
78 15 38 60 0.395 8.5 3.887e5 0.985e6 99.5 ± 30.4 
79 5 12 80 0.417 2.0 0.972e5 0.233e6 104.9 ± 55.9 
80 7 47 100 0.149 6.3 1.088e5 0.731e6 37.7 ± 15.3 
81 2 18 40 0.111 6.0 0.777e5 0.7e6 28.2 ± 21.0 
82 23 66 60 0.348 14.8 5.96e5 1.71e6 87.9 ± 21.4 
83 4 16 50 0.25 4.3 1.244e5 0.498e6 63.2 ± 35.3 
84 10 79 50 0.127 21.2 3.109e5 2.456e6 32.1 ± 10.8 
85 1 4 20 0.25 2.7 0.777e5 0.311e6 63.2 ± 70.6 
86 5 18 30 0.278 8.0 2.591e5 0.933e6 70.2 ± 35.5 
87 4 11 80 0.364 1.8 0.777e5 0.214e6 91.7 ± 53.6 
88 9 83 40 0.108 27.8 3.498e5 3.226e6 27.5 ± 9.7 
89 4 48 64 0.083 10.1 0.972e5 1.166e6 21.1 ± 11.0 
90 3 55 50 0.055 14.8 0.933e5 1.71e6 13.8 ± 8.2 
91 4 10 80 0.4 1.7 0.777e5 0.194e6 100.8 ± 59.7 
92 14 88 60 0.159 19.7 3.628e5 2.28e6 40.3 ± 11.6 
93 12 46 50 0.261 12.3 3.731e5 1.43e6 65.9 ± 21.4 
94 3 32 50 0.094 8.6 0.933e5 0.995e6 23.8 ± 14.4 
95 2 29 60 0.069 6.5 0.518e5 0.751e6 17.5 ± 12.8 
96 8 14 60 0.571 3.1 2.073e5 0.363e6 143.5 ± 63.7 
97 7 39 90 0.179 5.8 1.209e5 0.674e6 45.4 ± 18.7 
98 3 11 64 0.273 2.3 0.729e5 0.267e6 68.9 ± 44.9 
99 8 51 100 0.157 6.8 1.244e5 0.793e6 39.7 ± 15.1 
100 4 12 40 0.333 4.0 1.555e5 0.466e6 84.1 ± 48.6 
101 6 3 80 2.0 0.5 1.166e5 0.058e6 488.9 ± 345.9 
102 3 27 100 0.111 3.6 0.466e5 0.42e6 28.2 ± 17.1 
103 5 14 40 0.357 4.7 1.943e5 0.544e6 90.1 ± 47.0 
104 8 27 80 0.296 4.5 1.555e5 0.525e6 74.8 ± 30.2 
	  84	  
105 3 11 70 0.273 2.1 0.666e5 0.244e6 68.9 ± 44.9 
106 3 27 40 0.111 9.1 1.166e5 1.049e6 28.2 ± 17.1 
107 6 23 80 0.261 3.9 1.166e5 0.447e6 65.9 ± 30.3 
108 4 18 50 0.222 4.8 1.244e5 0.56e6 56.2 ± 31.1 
109 12 63 64 0.19 13.2 2.915e5 1.53e6 48.2 ± 15.2 
110 5 27 100 0.185 3.6 0.777e5 0.42e6 46.9 ± 22.8 
______________________________________________________________ 
 923 4270 6210  9.2 2.311e5 1.069e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 154.671 with 109 degrees of freedom. 
P(chi square) = 0.0% 
 
Ns/Ni = 0.216 ± 0.0080 
Mean Ratio = 0.283 ± 0.023 
 
Pooled Age = 54.7 ± 2.4 Ma 
Mean Age = 71.5 ± 5.7 Ma 
Central Age = 60.1 ± 3.7 Ma 
% Variation = 48.76% 
 
Ages calculated using a zeta of 350.5 ± 6.5 for CN5 with 12.5ppm. 
































Data from sample 18TOT 
Irradiation Number SU48-15,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation: 1913 m,  Location: N	  62.23455	  : W	  142.55536	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 47 38 90 1.237 5.6 8.119e5 0.656e6 323.1 ± 71.9 
2 12 87 100 0.138 11.6 1.866e5 1.353e6 36.8 ± 11.5 
3 21 65 80 0.323 10.8 4.081e5 1.263e6 86.0 ± 21.9 
4 2 32 60 0.063 7.1 0.518e5 0.829e6 16.7 ± 12.2 
5 7 120 80 0.058 20.0 1.36e5 2.332e6 15.6 ± 6.1 
6 6 41 60 0.146 9.1 1.555e5 1.062e6 39.1 ± 17.2 
7 18 21 36 0.857 7.8 7.774e5 0.907e6 225.6 ± 73.1 
8 14 76 64 0.184 15.9 3.401e5 1.846e6 49.2 ± 14.5 
9 8 70 70 0.114 13.3 1.777e5 1.555e6 30.5 ± 11.5 
10 9 42 36 0.214 15.6 3.887e5 1.814e6 57.2 ± 21.1 
11 52 62 90 0.839 9.2 8.983e5 1.071e6 220.9 ± 42.6 
12 50 63 100 0.794 8.4 7.774e5 0.979e6 209.2 ± 40.6 
13 14 44 100 0.318 5.9 2.177e5 0.684e6 84.7 ± 26.2 
14 13 54 90 0.241 8.0 2.246e5 0.933e6 64.2 ± 20.0 
15 28 191 100 0.147 25.5 4.353e5 2.97e6 39.2 ± 8.1 
16 11 49 80 0.224 8.2 2.138e5 0.952e6 59.9 ± 20.1 
17 14 46 100 0.304 6.1 2.177e5 0.715e6 81.0 ± 25.0 
18 14 67 100 0.209 8.9 2.177e5 1.042e6 55.7 ± 16.6 
19 13 53 90 0.245 7.9 2.246e5 0.916e6 65.4 ± 20.4 
20 5 51 100 0.098 6.8 0.777e5 0.793e6 26.2 ± 12.3 
21 15 64 80 0.234 10.7 2.915e5 1.244e6 62.5 ± 18.1 
22 9 70 60 0.129 15.6 2.332e5 1.814e6 34.4 ± 12.3 
23 11 64 60 0.172 14.2 2.85e5 1.658e6 45.9 ± 15.1 
24 11 41 80 0.268 6.8 2.138e5 0.797e6 71.5 ± 24.5 
25 9 40 80 0.225 6.7 1.749e5 0.777e6 60.0 ± 22.3 
______________________________________________________________ 
 413 1551 1986  10.4 3.233e5 1.214e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 106.549 with 24 degrees of freedom. 
P(chi square) = 0.0% 
 
Ns/Ni = 0.266 ± 0.015 
Mean Ratio = 0.311 ± 0.059 
 
Pooled Age = 70.9 ± 5.0 Ma 
Mean Age = 82.9 ± 15.4 Ma 
Central Age = 70.9 ± 11.1 Ma 
% Variation = 72.93% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 



















Central age = 72 ± 12 Ma (1σ)
Dispersion = 76 %
P(χ²) = 0.00
Peak 1: 48.5±3.9Ma (84±7.3%)














































Data from sample 20TOT 
Irradiation Number SU48-17,  Counted by Ed Milde 
The mineral is: Apatite 
Hypabyssal Sample 
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 0 42 40 0.0 13.9 0.0e5 1.632e6 0.0 ± 0.0 
2 4 40 60 0.1 8.8 1.036e5 1.036e6 27.0 ± 14.2 
3 3 59 60 0.051 13.0 0.777e5 1.529e6 13.7 ± 8.2 
4 4 52 50 0.077 13.7 1.244e5 1.617e6 20.8 ± 10.8 
5 6 87 50 0.069 23.0 1.866e5 2.705e6 18.6 ± 7.9 
6 3 36 40 0.083 11.9 1.166e5 1.399e6 22.5 ± 13.6 
7 3 48 40 0.063 15.9 1.166e5 1.866e6 16.9 ± 10.1 
8 2 26 60 0.077 5.7 0.518e5 0.674e6 20.8 ± 15.3 
9 2 28 20 0.071 18.5 1.555e5 2.177e6 19.3 ± 14.2 
10 5 87 60 0.057 19.2 1.296e5 2.254e6 15.5 ± 7.2 
11 2 18 35 0.111 6.8 0.888e5 0.8e6 30.0 ± 22.4 
12 4 29 40 0.138 9.6 1.555e5 1.127e6 37.2 ± 19.9 
13 3 29 50 0.103 7.7 0.933e5 0.902e6 27.9 ± 17.0 
14 4 48 70 0.083 9.1 0.888e5 1.066e6 22.5 ± 11.8 
15 4 43 60 0.093 9.5 1.036e5 1.114e6 25.1 ± 13.2 
16 3 31 40 0.097 10.2 1.166e5 1.205e6 26.1 ± 15.8 
17 3 69 80 0.043 11.4 0.583e5 1.341e6 11.8 ± 7.0 
18 2 27 48 0.074 7.4 0.648e5 0.875e6 20.0 ± 14.7 
19 4 34 48 0.118 9.4 1.296e5 1.101e6 31.8 ± 16.8 
20 2 25 40 0.08 8.3 0.777e5 0.972e6 21.6 ± 15.9 
21 4 54 40 0.074 17.8 1.555e5 2.099e6 20.0 ± 10.4 
22 5 69 100 0.072 9.1 0.777e5 1.073e6 19.6 ± 9.1 
23 2 21 40 0.095 6.9 0.777e5 0.816e6 25.7 ± 19.1 
24 3 34 40 0.088 11.2 1.166e5 1.322e6 23.8 ± 14.4 
25 3 32 40 0.094 10.6 1.166e5 1.244e6 25.3 ± 15.3 
______________________________________________________________ 
 80 1068 1251  11.3 0.994e5 1.327e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 4.326 with 24 degrees of freedom. 
P(chi square) = 99.82% 
 
Ns/Ni = 0.075 ± 0.0090 
Mean Ratio = 0.081 ± 0.0050 
 
Pooled Age = 20.2 ± 2.5 Ma 
Mean Age = 21.8 ± 1.5 Ma 
Central Age = 20.2 ± 2.4 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 

















Central age = 20.2 ± 2.3 Ma (1σ)
Dispersion = 0 %
P(χ²) = 1.00















































Data from sample 21TOT 
Irradiation Number SU49-19,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation: 1936 m,  Location: N	  62.25290	  : W	  142.52852	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 6 8 30 0.75 3.9 3.109e5 0.415e6 181.5 ± 98.3 
2 14 20 40 0.7 7.3 5.442e5 0.777e6 169.6 ± 59.5 
3 4 8 40 0.5 2.9 1.555e5 0.311e6 121.6 ± 74.6 
4 4 6 9 0.667 9.7 6.91e5 1.036e6 161.6 ± 104.5 
5 6 20 40 0.3 7.3 2.332e5 0.777e6 73.2 ± 34.2 
6 5 24 50 0.208 7.0 1.555e5 0.746e6 50.9 ± 25.1 
7 29 42 80 0.69 7.6 5.636e5 0.816e6 167.3 ± 41.0 
8 14 39 50 0.359 11.4 4.353e5 1.213e6 87.5 ± 27.5 
9 3 5 16 0.6 4.6 2.915e5 0.486e6 145.6 ± 106.5 
10 6 19 40 0.316 6.9 2.332e5 0.738e6 77.1 ± 36.2 
11 6 11 40 0.545 4.0 2.332e5 0.428e6 132.5 ± 67.5 
12 8 48 80 0.167 8.7 1.555e5 0.933e6 40.8 ± 15.7 
13 8 23 30 0.348 11.2 4.146e5 1.192e6 84.8 ± 35.0 
14 9 16 40 0.563 5.8 3.498e5 0.622e6 136.6 ± 57.2 
15 8 27 40 0.296 9.8 3.109e5 1.049e6 72.3 ± 29.3 
16 7 27 42 0.259 9.4 2.591e5 0.999e6 63.3 ± 27.0 
17 5 6 20 0.833 4.4 3.887e5 0.466e6 201.4 ± 122.2 
18 8 23 40 0.348 8.4 3.109e5 0.894e6 84.8 ± 35.0 
19 8 17 30 0.471 8.3 4.146e5 0.881e6 114.5 ± 49.3 
20 8 11 40 0.727 4.0 3.109e5 0.428e6 176.1 ± 82.2 
21 5 16 50 0.313 4.7 1.555e5 0.498e6 76.3 ± 39.2 
22 3 20 32 0.15 9.1 1.458e5 0.972e6 36.7 ± 22.8 
23 6 30 60 0.2 7.3 1.555e5 0.777e6 48.9 ± 22.0 
24 6 28 50 0.214 8.2 1.866e5 0.871e6 52.4 ± 23.7 
25 9 22 50 0.409 6.4 2.799e5 0.684e6 99.6 ± 39.7 
______________________________________________________________ 
 195 516 1039  7.2 2.918e5 0.772e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 16.321 with 24 degrees of freedom. 
P(chi square) = 11.18% 
 
Ns/Ni = 0.378 ± 0.032 
Mean Ratio = 0.437 ± 0.041 
 
Pooled Age = 92.1 ± 8.7 Ma 
Mean Age = 106.5 ± 9.9 Ma 
Central Age = 92.8 ± 9.5 Ma 
% Variation = 26.38% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 




















Central age = 91.3 ± 9.2 Ma (1σ)
Dispersion = 26 %
P(χ²) = 0.15
Peak 1: 73±14Ma (64±35%)
















































Data from sample 23TOT 
Irradiation Number SU49-21,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation: 2259 m,  Location: N	  62.24762	  : W	  142.54596	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 5 13 48 0.385 3.9 1.62e5 0.421e6 94.1 ± 49.7 
2 11 12 30 0.917 5.8 5.701e5 0.622e6 222.1 ± 93.2 
3 8 20 50 0.4 5.8 2.488e5 0.622e6 97.9 ± 41.2 
4 12 26 80 0.462 4.7 2.332e5 0.505e6 112.8 ± 39.7 
5 2 25 100 0.08 3.6 0.311e5 0.389e6 19.7 ± 14.5 
6 4 8 50 0.5 2.3 1.244e5 0.249e6 122.1 ± 75.0 
7 7 13 50 0.538 3.8 2.177e5 0.404e6 131.4 ± 61.9 
8 6 17 60 0.353 4.1 1.555e5 0.441e6 86.4 ± 41.2 
9 6 9 25 0.667 5.2 3.731e5 0.56e6 162.3 ± 85.8 
10 12 16 60 0.75 3.9 3.109e5 0.415e6 182.3 ± 70.1 
11 6 19 64 0.316 4.3 1.458e5 0.462e6 77.4 ± 36.4 
12 4 12 36 0.333 4.8 1.727e5 0.518e6 81.7 ± 47.3 
13 7 19 60 0.368 4.6 1.814e5 0.492e6 90.2 ± 40.1 
14 4 30 60 0.133 7.3 1.036e5 0.777e6 32.8 ± 17.5 
15 6 8 36 0.75 3.2 2.591e5 0.345e6 182.3 ± 98.8 
16 7 13 64 0.538 2.9 1.7e5 0.316e6 131.4 ± 61.9 
17 12 23 70 0.522 4.8 2.665e5 0.511e6 127.4 ± 45.7 
18 6 13 50 0.462 3.8 1.866e5 0.404e6 112.8 ± 55.9 
19 10 19 70 0.526 3.9 2.221e5 0.422e6 128.5 ± 50.5 
20 3 25 90 0.12 4.0 0.518e5 0.432e6 29.5 ± 18.1 
21 3 18 60 0.167 4.4 0.777e5 0.466e6 41.0 ± 25.6 
22 5 26 80 0.192 4.7 0.972e5 0.505e6 47.2 ± 23.2 
23 4 10 48 0.4 3.0 1.296e5 0.324e6 97.9 ± 58.1 
24 7 19 80 0.368 3.4 1.36e5 0.369e6 90.2 ± 40.1 
25 13 31 80 0.419 5.6 2.526e5 0.602e6 102.6 ± 34.2 
______________________________________________________________ 
 170 444 1501  4.3 1.761e5 0.46e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 15.97 with 24 degrees of freedom. 
P(chi square) = 12.85% 
 
Ns/Ni = 0.383 ± 0.035 
Mean Ratio = 0.427 ± 0.041 
 
Pooled Age = 93.7 ± 9.4 Ma 
Mean Age = 104.3 ± 10.0 Ma 
Central Age = 94.4 ± 10.0 Ma 
% Variation = 26.13% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 
















Central age = 94.9 ± 10 Ma (1σ)
Dispersion = 27 %
P(χ²) = 0.12
Peak 1: 36±14Ma (17±11%)

















































Data from sample 24TOT 
Irradiation Number SU49-23,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1709 m,  Location: N	  62.26210	  : W	  142.52942	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 4 39 100 0.103 5.6 0.622e5 0.606e6 25.4 ± 13.4 
2 11 28 70 0.393 5.8 2.443e5 0.622e6 96.6 ± 34.6 
3 10 33 100 0.303 4.8 1.555e5 0.513e6 74.6 ± 27.1 
4 13 26 80 0.5 4.7 2.526e5 0.505e6 122.7 ± 42.0 
5 10 39 80 0.256 7.0 1.943e5 0.758e6 63.2 ± 22.6 
6 10 26 70 0.385 5.4 2.221e5 0.577e6 94.6 ± 35.4 
7 10 37 60 0.27 8.9 2.591e5 0.959e6 66.6 ± 23.9 
8 7 29 70 0.241 6.0 1.555e5 0.644e6 59.5 ± 25.2 
9 10 20 70 0.5 4.1 2.221e5 0.444e6 122.7 ± 47.8 
10 5 34 100 0.147 4.9 0.777e5 0.529e6 36.3 ± 17.5 
11 8 30 80 0.267 5.4 1.555e5 0.583e6 65.7 ± 26.3 
12 12 39 100 0.308 5.6 1.866e5 0.606e6 75.8 ± 25.2 
13 4 14 64 0.286 3.2 0.972e5 0.34e6 70.4 ± 40.0 
14 7 28 100 0.25 4.0 1.088e5 0.435e6 61.6 ± 26.2 
15 9 30 80 0.3 5.4 1.749e5 0.583e6 73.9 ± 28.3 
16 4 21 80 0.19 3.8 0.777e5 0.408e6 47.0 ± 25.7 
17 7 32 100 0.219 4.6 1.088e5 0.498e6 54.0 ± 22.6 
18 6 55 100 0.109 7.9 0.933e5 0.855e6 27.0 ± 11.7 
19 5 31 100 0.161 4.5 0.777e5 0.482e6 39.8 ± 19.3 
20 4 33 100 0.121 4.8 0.622e5 0.513e6 30.0 ± 15.9 
21 4 27 60 0.148 6.5 1.036e5 0.7e6 36.6 ± 19.7 
22 8 38 60 0.211 9.1 2.073e5 0.985e6 51.9 ± 20.3 
23 12 66 100 0.182 9.5 1.866e5 1.026e6 44.9 ± 14.2 
24 3 42 100 0.071 6.1 0.466e5 0.653e6 17.7 ± 10.6 
25 13 77 100 0.169 11.1 2.021e5 1.197e6 41.7 ± 12.6 
______________________________________________________________ 
 196 874 2124  5.9 1.435e5 0.64e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 16.143 with 24 degrees of freedom. 
P(chi square) = 12.0% 
 
Ns/Ni = 0.224 ± 0.018 
Mean Ratio = 0.244 ± 0.023 
 
Pooled Age = 55.3 ± 5.0 Ma 
Mean Age = 60.0 ± 5.6 Ma 
Central Age = 56.0 ± 5.1 Ma 
% Variation = 21.12% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 


















Central age = 56.1 ± 5 Ma (1σ)
Dispersion = 21 %
P(χ²) = 0.12
Peak 1: 44±14Ma (48±59%)















































Data from sample 25TOT 
Irradiation Number SU49-24,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation: 1583 m, Location: N	  62.20358	  : W	  142.43341	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 25 51 60 0.49 12.2 6.478e5 1.322e6 120.5 ± 29.9 
2 4 53 35 0.075 21.8 1.777e5 2.354e6 18.7 ± 9.7 
3 14 38 60 0.368 9.1 3.628e5 0.985e6 90.8 ± 28.7 
4 10 17 60 0.588 4.1 2.591e5 0.441e6 144.4 ± 57.9 
5 14 68 100 0.206 9.8 2.177e5 1.057e6 50.9 ± 15.1 
6 15 60 80 0.25 10.8 2.915e5 1.166e6 61.8 ± 18.0 
7 19 59 70 0.322 12.1 4.22e5 1.31e6 79.4 ± 21.2 
8 19 15 24 1.267 9.0 12.308e5 0.972e6 307.0 ± 106.9 
9 14 17 24 0.824 10.2 9.069e5 1.101e6 201.2 ± 73.2 
10 7 22 30 0.318 10.6 3.628e5 1.14e6 78.5 ± 34.2 
11 5 38 30 0.132 18.2 2.591e5 1.969e6 32.6 ± 15.6 
12 23 48 80 0.479 8.6 4.47e5 0.933e6 117.9 ± 30.3 
13 22 140 80 0.157 25.2 4.275e5 2.721e6 38.9 ± 9.1 
14 18 55 80 0.327 9.9 3.498e5 1.069e6 80.7 ± 22.2 
15 14 32 60 0.438 7.7 3.628e5 0.829e6 107.7 ± 34.8 
16 9 26 40 0.346 9.4 3.498e5 1.011e6 85.4 ± 33.2 
17 7 20 36 0.35 8.0 3.023e5 0.864e6 86.3 ± 38.1 
18 9 31 30 0.29 14.9 4.664e5 1.607e6 71.7 ± 27.3 
19 35 62 100 0.565 8.9 5.442e5 0.964e6 138.6 ± 29.9 
20 14 59 100 0.237 8.5 2.177e5 0.917e6 58.6 ± 17.6 
21 7 18 80 0.389 3.2 1.36e5 0.35e6 95.8 ± 42.9 
22 14 58 100 0.241 8.4 2.177e5 0.902e6 59.6 ± 17.9 
23 8 29 64 0.276 6.5 1.943e5 0.704e6 68.1 ± 27.4 
24 26 63 80 0.413 11.3 5.053e5 1.224e6 101.6 ± 24.1 
25 26 64 80 0.406 11.5 5.053e5 1.244e6 100.1 ± 23.7 
______________________________________________________________ 
 378 1143 1583  10.4 3.712e5 1.123e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 35.849 with 24 degrees of freedom. 
P(chi square) = 0.0% 
 
Ns/Ni = 0.331 ± 0.02 
Mean Ratio = 0.39 ± 0.048 
 
Pooled Age = 81.6 ± 6.0 Ma 
Mean Age = 96.1 ± 11.7 Ma 
Central Age = 85.8 ± 8.8 Ma 
% Variation = 39.91% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 


















Central age = 85.9 ± 8.7 Ma (1σ)
Dispersion = 40 %
P(χ²) = 0.00
Peak 1: 46±10Ma (26±17%)
Peak 2: 97±12Ma (69±17%)















































Data from sample 26TOT 
Irradiation Number SU49-27,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:  1627 m,  Location: N	  62.20269	  : W	  142.43520	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 11 59 80 0.186 10.6 2.138e5 1.147e6 46.4 ± 15.4 
2 10 58 80 0.172 10.4 1.943e5 1.127e6 42.9 ± 14.8 
3 15 27 50 0.556 7.7 4.664e5 0.84e6 137.3 ± 44.6 
4 7 47 25 0.149 26.9 4.353e5 2.923e6 37.1 ± 15.1 
5 34 85 80 0.4 15.2 6.608e5 1.652e6 99.2 ± 20.6 
6 6 37 36 0.162 14.7 2.591e5 1.598e6 40.4 ± 17.9 
7 15 77 60 0.195 18.4 3.887e5 1.995e6 48.5 ± 13.8 
8 26 78 100 0.333 11.2 4.042e5 1.213e6 82.8 ± 19.1 
9 15 47 30 0.319 22.4 7.774e5 2.436e6 79.3 ± 23.8 
10 15 53 60 0.283 12.6 3.887e5 1.373e6 70.3 ± 20.8 
11 21 66 60 0.318 15.7 5.442e5 1.71e6 79.0 ± 20.1 
12 12 81 70 0.148 16.6 2.665e5 1.799e6 36.9 ± 11.5 
13 7 22 25 0.318 12.6 4.353e5 1.368e6 79.0 ± 34.5 
14 20 50 60 0.4 11.9 5.182e5 1.296e6 99.2 ± 26.6 
15 21 72 70 0.292 14.7 4.664e5 1.599e6 72.5 ± 18.2 
16 28 85 80 0.329 15.2 5.442e5 1.652e6 81.8 ± 18.2 
17 17 33 64 0.515 7.4 4.13e5 0.802e6 127.5 ± 38.5 
18 32 99 70 0.323 20.2 7.107e5 2.199e6 80.3 ± 16.7 
19 25 55 56 0.455 14.1 6.941e5 1.527e6 112.6 ± 27.6 
20 20 44 60 0.455 10.5 5.182e5 1.14e6 112.6 ± 30.8 
21 17 52 36 0.327 20.7 7.342e5 2.246e6 81.2 ± 23.0 
22 26 52 48 0.5 15.5 8.421e5 1.684e6 123.7 ± 30.2 
23 17 77 80 0.221 13.8 3.304e5 1.496e6 54.9 ± 14.9 
24 28 53 40 0.528 19.0 10.883e5 2.06e6 130.7 ± 31.1 
25 29 60 40 0.483 21.5 11.272e5 2.332e6 119.7 ± 27.6 
______________________________________________________________ 
 474 1469 1460  14.4 5.048e5 1.564e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 23.541 with 24 degrees of freedom. 
P(chi square) = 0.33% 
 
Ns/Ni = 0.323 ± 0.017 
Mean Ratio = 0.335 ± 0.026 
 
Pooled Age = 80.1 ± 5.5 Ma 
Mean Age = 83.1 ± 6.3 Ma 
Central Age = 80.1 ± 6.0 Ma 
% Variation = 25.05% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 

















Central age = 80.3 ± 5.9 Ma (1σ)
Dispersion = 25 %
P(χ²) = 0.00
Peak 1: 48.1±8.6Ma (28±13%)
















































Data from sample 30TOT 
Irradiation Number SU49-29,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:1625 m,  Location: N	  62.265721	  : W	  142.473131	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 6 12 100 0.5 1.7 0.933e5 0.187e6 124.3 ± 62.4 
2 11 9 40 1.222 3.2 4.275e5 0.35e6 299.7 ± 135.3 
3 5 11 60 0.455 2.6 1.296e5 0.285e6 113.1 ± 61.2 
4 7 8 50 0.875 2.3 2.177e5 0.249e6 215.9 ± 112.2 
5 4 8 70 0.5 1.6 0.888e5 0.178e6 124.3 ± 76.3 
6 9 17 80 0.529 3.0 1.749e5 0.33e6 131.5 ± 54.5 
7 11 12 80 0.917 2.1 2.138e5 0.233e6 226.1 ± 94.9 
8 17 25 60 0.68 5.9 4.405e5 0.648e6 168.4 ± 53.5 
9 16 22 100 0.727 3.1 2.488e5 0.342e6 180.0 ± 59.7 
10 10 10 80 1.0 1.8 1.943e5 0.194e6 246.2 ± 110.6 
11 4 6 90 0.667 0.9 0.691e5 0.104e6 165.2 ± 106.9 
12 10 13 90 0.769 2.1 1.727e5 0.225e6 190.2 ± 80.4 
13 7 9 80 0.778 1.6 1.36e5 0.175e6 192.3 ± 97.3 
14 17 21 100 0.81 3.0 2.643e5 0.326e6 200.0 ± 65.8 
15 8 9 50 0.889 2.6 2.488e5 0.28e6 219.3 ± 107.0 
16 11 13 80 0.846 2.3 2.138e5 0.253e6 208.9 ± 86.1 
17 15 17 70 0.882 3.5 3.332e5 0.378e6 217.7 ± 77.7 
18 5 6 70 0.833 1.2 1.111e5 0.133e6 205.8 ± 125.0 
19 8 11 90 0.727 1.7 1.382e5 0.19e6 180.0 ± 84.0 
20 10 10 80 1.0 1.8 1.943e5 0.194e6 246.2 ± 110.6 
21 8 11 70 0.727 2.2 1.777e5 0.244e6 180.0 ± 84.0 
22 6 7 70 0.857 1.4 1.333e5 0.155e6 211.6 ± 118.1 
23 11 13 80 0.846 2.3 2.138e5 0.253e6 208.9 ± 86.1 
24 13 16 60 0.813 3.8 3.369e5 0.415e6 200.8 ± 75.5 
25 12 17 100 0.706 2.4 1.866e5 0.264e6 174.8 ± 66.3 
______________________________________________________________ 
 241 313 1900  2.3 1.972e5 0.256e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 2.917 with 24 degrees of freedom. 
P(chi square) = 99.99% 
 
Ns/Ni = 0.77 ± 0.066 
Mean Ratio = 0.782 ± 0.035 
 
Pooled Age = 190.4 ± 18.3 Ma 
Mean Age = 193.4 ± 8.5 Ma 
Central Age = 190.4 ± 16.6 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 






















Central age = 191 ± 16 Ma (1σ)
Dispersion = 0 %
P(χ²) = 1.00















































Data from sample 31TOT 
Irradiation Number SU49-30,  Counted by Ed Milde 
The mineral is: Apatite 
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 2 17 40 0.118 6.0 0.777e5 0.661e6 29.5 ± 22.1 
2 2 12 20 0.167 8.5 1.555e5 0.933e6 41.8 ± 32.0 
3 11 49 50 0.224 13.9 3.42e5 1.524e6 56.2 ± 18.9 
4 13 58 40 0.224 20.6 5.053e5 2.254e6 56.1 ± 17.4 
5 5 30 30 0.167 14.2 2.591e5 1.555e6 41.8 ± 20.3 
6 6 26 40 0.231 9.2 2.332e5 1.011e6 57.8 ± 26.3 
7 7 27 30 0.259 12.8 3.628e5 1.399e6 64.9 ± 27.7 
8 12 50 90 0.24 7.9 2.073e5 0.864e6 60.1 ± 19.5 
9 5 18 30 0.278 8.5 2.591e5 0.933e6 69.5 ± 35.3 
10 11 51 90 0.216 8.1 1.9e5 0.881e6 54.0 ± 18.1 
11 17 92 60 0.185 21.8 4.405e5 2.384e6 46.3 ± 12.4 
12 6 37 50 0.162 10.5 1.866e5 1.15e6 40.7 ± 18.0 
13 6 27 36 0.222 10.7 2.591e5 1.166e6 55.7 ± 25.2 
14 6 32 50 0.188 9.1 1.866e5 0.995e6 47.0 ± 21.0 
15 6 29 40 0.207 10.3 2.332e5 1.127e6 51.8 ± 23.4 
16 7 38 50 0.184 10.8 2.177e5 1.182e6 46.2 ± 19.1 
17 4 22 40 0.182 7.8 1.555e5 0.855e6 45.6 ± 24.8 
18 5 28 50 0.179 8.0 1.555e5 0.871e6 44.8 ± 21.8 
19 6 34 32 0.176 15.1 2.915e5 1.652e6 44.2 ± 19.7 
20 4 39 60 0.103 9.2 1.036e5 1.011e6 25.7 ± 13.6 
21 5 25 40 0.2 8.9 1.943e5 0.972e6 50.1 ± 24.6 
22 11 49 30 0.224 23.2 5.701e5 2.539e6 56.2 ± 18.9 
23 7 28 36 0.25 11.1 3.023e5 1.209e6 62.6 ± 26.6 
24 5 48 80 0.104 8.5 0.972e5 0.933e6 26.1 ± 12.3 
25 8 41 64 0.195 9.1 1.943e5 0.996e6 48.9 ± 19.0 
______________________________________________________________ 
 177 907 1178  10.9 2.336e5 1.197e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 3.479 with 24 degrees of freedom. 
P(chi square) = 99.97% 
 
Ns/Ni = 0.195 ± 0.016 
Mean Ratio = 0.195 ± 0.0090 
 
Pooled Age = 48.9 ± 4.5 Ma 
Mean Age = 49.0 ± 2.2 Ma 
Central Age = 48.9 ± 4.1 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 





















Central age = 48.4 ± 4 Ma (1σ)
Dispersion = 0 %
P(χ²) = 1.00

















































Data from sample 39TOT 
Irradiation Number SU49-32,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation:1350 m,  Location: N	  62.2255	  : W	  142.4329	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 4 14 35 0.286 5.7 1.777e5 0.622e6 71.8 ± 40.8 
2 15 58 80 0.259 10.3 2.915e5 1.127e6 65.0 ± 19.0 
3 10 37 50 0.27 10.5 3.109e5 1.15e6 67.9 ± 24.4 
4 17 39 60 0.436 9.2 4.405e5 1.011e6 109.2 ± 32.1 
5 2 29 20 0.069 20.5 1.555e5 2.254e6 17.4 ± 12.7 
6 16 36 60 0.444 8.5 4.146e5 0.933e6 111.3 ± 33.8 
7 9 45 80 0.2 8.0 1.749e5 0.875e6 50.3 ± 18.5 
8 17 28 40 0.607 9.9 6.608e5 1.088e6 151.6 ± 47.1 
9 5 18 30 0.278 8.5 2.591e5 0.933e6 69.8 ± 35.4 
10 8 25 42 0.32 8.4 2.961e5 0.925e6 80.3 ± 32.8 
11 9 27 42 0.333 9.1 3.332e5 0.999e6 83.7 ± 32.4 
12 12 34 64 0.353 7.5 2.915e5 0.826e6 88.6 ± 30.0 
13 6 54 70 0.111 10.9 1.333e5 1.199e6 28.0 ± 12.1 
14 10 28 36 0.357 11.0 4.319e5 1.209e6 89.6 ± 33.2 
15 13 27 40 0.481 9.6 5.053e5 1.049e6 120.5 ± 41.0 
16 31 138 70 0.225 27.9 6.885e5 3.065e6 56.5 ± 11.5 
17 4 43 42 0.093 14.5 1.481e5 1.592e6 23.5 ± 12.3 
18 10 29 40 0.345 10.3 3.887e5 1.127e6 86.5 ± 32.0 
19 7 46 80 0.152 8.1 1.36e5 0.894e6 38.3 ± 15.6 
20 11 24 60 0.458 5.7 2.85e5 0.622e6 114.8 ± 42.1 
21 12 39 100 0.308 5.5 1.866e5 0.606e6 77.3 ± 25.7 
22 3 25 64 0.12 5.5 0.729e5 0.607e6 30.2 ± 18.5 
23 14 26 60 0.538 6.1 3.628e5 0.674e6 134.6 ± 45.0 
24 9 23 40 0.391 8.1 3.498e5 0.894e6 98.1 ± 38.8 
25 10 60 60 0.167 14.2 2.591e5 1.555e6 42.0 ± 14.5 
______________________________________________________________ 
 264 952 1365  9.9 3.007e5 1.084e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 22.824 with 24 degrees of freedom. 
P(chi square) = 0.49% 
 
Ns/Ni = 0.277 ± 0.019 
Mean Ratio = 0.304 ± 0.029 
 
Pooled Age = 69.7 ± 5.7 Ma 
Mean Age = 76.4 ± 7.1 Ma 
Central Age = 71.7 ± 7.0 Ma 
% Variation = 32.14% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 



















Central age = 69.2 ± 6.8 Ma (1σ)
Dispersion = 34 %
P(χ²) = 0.00
Peak 1: 49.7±7.9Ma (52±20%)
















































Data from sample 40TOT 
Irradiation Number SU49-34,  Counted by Ed Milde 
The mineral is: Apatite 
Elevation: 1329 m,  Location: N	  62.24405	  : W	  142.52740	  
______________________________________________________________ 
No. Ns Ni Na Ratio U(ppm) Rhos Rhoi Age (Ma) 
______________________________________________________________ 
1 5 14 24 0.357 8.2 3.239e5 0.907e6 90.0 ± 47.0 
2 8 23 25 0.348 13.0 4.975e5 1.43e6 87.7 ± 36.2 
3 7 24 40 0.292 8.5 2.721e5 0.933e6 73.6 ± 31.8 
4 5 14 28 0.357 7.0 2.776e5 0.777e6 90.0 ± 47.0 
5 6 13 20 0.462 9.2 4.664e5 1.011e6 116.1 ± 57.5 
6 10 32 48 0.313 9.4 3.239e5 1.036e6 78.8 ± 28.8 
7 5 28 28 0.179 14.1 2.776e5 1.555e6 45.2 ± 22.0 
8 7 30 60 0.233 7.0 1.814e5 0.777e6 58.9 ± 24.9 
9 3 20 36 0.15 7.8 1.296e5 0.864e6 37.9 ± 23.6 
10 6 13 25 0.462 7.3 3.731e5 0.808e6 116.1 ± 57.5 
11 6 30 25 0.2 16.9 3.731e5 1.866e6 50.5 ± 22.7 
12 14 31 70 0.452 6.2 3.109e5 0.689e6 113.6 ± 36.9 
13 3 27 30 0.111 12.7 1.555e5 1.399e6 28.1 ± 17.2 
14 18 55 100 0.327 7.8 2.799e5 0.855e6 82.5 ± 22.7 
15 10 21 60 0.476 4.9 2.591e5 0.544e6 119.7 ± 46.3 
16 9 23 40 0.391 8.1 3.498e5 0.894e6 98.5 ± 39.0 
17 12 35 50 0.343 9.9 3.731e5 1.088e6 86.4 ± 29.2 
18 12 44 70 0.273 8.9 2.665e5 0.977e6 68.8 ± 22.6 
19 12 52 60 0.231 12.2 3.109e5 1.347e6 58.3 ± 18.8 
20 17 37 40 0.459 13.0 6.608e5 1.438e6 115.5 ± 34.2 
21 11 50 70 0.22 10.1 2.443e5 1.111e6 55.6 ± 18.7 
22 12 29 50 0.414 8.2 3.731e5 0.902e6 104.1 ± 36.0 
23 7 26 40 0.269 9.2 2.721e5 1.011e6 68.0 ± 29.1 
24 13 31 40 0.419 10.9 5.053e5 1.205e6 105.5 ± 35.2 
25 10 38 70 0.263 7.7 2.221e5 0.844e6 66.4 ± 23.8 
______________________________________________________________ 
 228 740 1149  9.1 3.085e5 1.001e6 
 
Area of basic unit 6.432E-7cm-2 using Mic1:  6.432E-7 
Chi Square = 8.916 with 24 degrees of freedom. 
P(chi square) = 81.11% 
 
Ns/Ni = 0.308 ± 0.023 
Mean Ratio = 0.32 ± 0.021 
 
Pooled Age = 77.7 ± 6.8 Ma 
Mean Age = 80.7 ± 5.3 Ma 
Central Age = 77.7 ± 6.0 Ma 
% Variation = 0.0% 
 
Ages calculated using a zeta of 368.0 ± 15.0 for CN5 with 12.5ppm. 





















Central age = 77.8 ± 5.9 Ma (1σ)
Dispersion = 0 %
P(χ²) = 0.81














































Appendix	  C:	  	  Ar40/Ar39	  data	  from	  The	  University	  of	  Alaska	  Fairbanks	  
	  
	  
Table	  1	  Interpretive	  Details	  












17TOT	   WR	   28.6	  	  ±	  0.5	   24.9	  ±	  0.6*	  





24.3	  ±	  0.6	  
7	  of	  7	  fractions	  
40Ar/36Ari	  =	  
308.9	  ±	  2.5	  
MSWD	  =	  2.54	  
20TOT	   WR	   23.2	  	  ±	  0.6	   23.9	  ±	  0.7	  





25.0	  ±	  1.2	  
6	  of	  9	  fractions	  
40Ar/36Ari	  =	  
270.9	  ±	  28.7	  
MSWD	  =	  0.09	  
31TOT	   WR	   23.3	  ±	  0.4	   23.3	  ±	  0.6	  
6	  of	  8	  fractions	  




21.6	  ±	  1.7	  
6	  of	  8	  fractions	  
40Ar/36Ari	  =	  
323.6	  ±	  24.0	  
MSWD	  =	  2.15	  
32TOT	   WR	   23.6	  ±	  0.6	   23.3	  ±	  0.6	  
5	  of	  8	  fractions	  




23.3	  ±	  1.3	  
5	  of	  8	  fractions	  
40Ar/36Ari	  =	  
295.0	  ±	  37.6	  
MSWD	  =	  0.14	  
33TOT	   WR	   21.6	  ±	  0.3	   21.9	  ±	  0.3	  
6	  of	  8	  fractions	  




22.2	  ±	  0.5	  
6	  of	  8	  fractions	  
40Ar/36Ari	  =	  
283.7	  ±	  17.5	  
MSWD	  =	  0.64	  
Samples	  analyzed	  with	  standard	  TCR-­‐2	  with	  an	  age	  of	  27.87	  Ma	  
Most	  robust	  age	  in	  bold.	  
*Does	  not	  meet	  all	  the	  criteria	  of	  a	  plateau	  age	  so	  weighted	  average	  age	  used.	  











Table	  2:	  	  Locations	  and	  elevations	  
Sample	   Location	  
	  




West	  of	  TF	  up	  Notch	  
Creek	   62.23629	   142.52757	   5430	   1655	  
20TOT	   West	  of	  TF	  up	  north	  
side	  Notch	  Creek	  
62.	  
23719	  
142.59467	   6816	   2193	  
31TOT	  
West	  of	  TF	  up	  
southside	  Notch	  
Creek	  
62.22073	   142.51842	   7658	   2464	  
32TOT	  
West	  of	  TF	  up	  south	  
side	  Notch	  Creek	   62.22151	   142.51546	   7370	   2371	  
33TOT	  
West	  of	  TF	  up	  south	  
side	  Notch	  Creek	   62.22493	   142.51115	   6772	   2179	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